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ABSTRACT 


This  document  was  prepared  by  The  Boeing  Company  as  a  part  of  the  Supersonic 
Transport  (SST)  contract  awarded  by  the  Federal  Aviation  Administration  of 
the  United  States.  * 


The  objective  was  to  evaluate  the  suitability  of  fifteen  selected  domestic 
U.  S.  airports  to  accommodate  the  Boeing  2707 •  The  various  compatibility 
aspects  of  the  study  were  calculated  and  results  superimposed  over  aerial 
photographs  of  the  various  airports  and  their  terminals.  CoBt  estimates 
necessary  to  upgrade  the  airports  to  a  state  of  minimum  compatibility  with 
the  SST  are  also  displayed. v 

Results  and  conclusions  are  summarized  in  Section  4.0  of  this  document. 
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1.0  INTRODUCTION 

In  the  overall  objective  of  developing  an  operational  supersonic 
transport  aircraft,  major  consideration  must  be  given  to  the  environment  within 
which  it  must  operate.  The  airport  suitability  aspects  of  the  program  are  a 
significant  link  in  the  functional  purpose  of  the  production  airplane.  In 
order  to  operate  safely  and  profitably  the  aircraft  and  the  airport  must  be 
as  compatible  as  possible. 

In  accordance  with  contractural  requirements,  this  document  has  been 
prepared  for  the  purpose  of  evaluating  the  fifteen  selected  major  domestic  air¬ 
ports  from  which  the  2707  supersonic  transport  will  operate.  The  documents  will 
be  maintained  through  Phase  III  of  the  program  as  the  configuration  of  the  pro¬ 
duction  aircraft  emerges.  It  may  serve  to  keep  the  airport  planners  and  operators 
abreast  of  the  latest  aircraft  design  status  and  its  direct  relationships  with 
the  airports  involved. 

It  is  not  the  intent  of  the  document  to  speculate  upon  intangible 
effects  such  as  overall  airport  size,  internal  terminal  sizes  and  requirements, 
total  number  of  gate  positions,  etc.  The  document  is  one  effort  to  reduce  the 
gap  between  aircraft  and  airport  development  and  present  a  preview  of  some  of 
the  items  that  will  reduce  operational  difficulties  at  the  airport  when  the 
2707  arrives. 

This  report  is  based  on  the  present  configuration  of  the  aircraft  as 
shown  herein.  It  is  possible  that  the  production  aircraft  cay  change  in  some 
respects.  The  document  will  be  revised  periodically  to  incorporate  the  effects 
of  design  change*  upon  airport  compatibility. 

Following  is  a  liat  of  items  which  have  been  evaluated  and  for  which 
some  recommendations  and  estimates  have  been  presented: 

a.  Pavements  -  Runways,  taxlwaya,  ramps,  aprons,  and  holding  aprons 
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b.  Traffic,  utility,  and  drainage  structures;  underground  pipes 
and  conduits 

c.  Terminal  areas  -  maneuvering  and  docking;  passenger  loading 

d.  Fueling  and  servicing  of  aircraft 

e.  Engine  exhaust  considerations 

f.  Fire  and  rescue  equipment 

g.  Rianway  length  requirements 

h.  Economics  and  coats 


The  following  airports  have  been  studied; 

Airport 

ANC  -  Anchorage  International 

BAL  -  Baltimore  Friendship  International 

BOS  -  Boston  Logan  International 

DIA  -  Dulles  International 

DTW  -  Detroit  Metropolitan/Wayne  County 

HNL  -  Honolulu  International 

HOU  -  Houston  Intercontinental 

JFK  -  John  F.  Kennedy  International 

LAX  -  Los  Angeles  International 

MIA  -  Miami  International 

CRD  -  O'Hare  International 

PUX  -  Portland  International 

PHL  -  Philadelphia  International 

8EA  -  Seattle-Tacoma  International 

SFO  -  San  Francisco  International 


Location 

Anchorage,  Alaska 
Baltimore,  Maryland 
Boston,  Massachusetts 
Washington,  D.  C. 

Detroit,  Michigan 
Honolulu,  Hawaii 
Houston,  Texas 
New  York,  New  York 
Los  Angeles,  California 
Miami,  Florida 
Chicago,  Illinois 
Portland,  Oregon 
Philadelphia,  Pennsylvania 
Seattle  A  Taccna,  Washington 
San  Francisco,  California 
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2.0  EVALUATION  BASIS  AND  CRITERIA 

In  order  to  properly  determine  the  suitability  of  airportB,  certain 
parameters  were  established.  Pertinent  characteristics  of  the  aircraft  were 
established  wh^ch  were  used  to  check;  the  various  compatibility  aspects  of  the 
airports.  The  most  significant  of  these  criteria  which  were  used  as  a  basis  of 
comparison  are  displayed  below. 

2.1  Characteristics  of  the  Boeing  2707-200 

The  various  characteristics  of  the  aircraft  which  were  considered 
applicable  to  this  study  are  shown  below.  A  general  description  of  the  SST  is 
followed  by  pertinent  data,  dimension  drawings,  and  other  material  as  found 
appropriate.  This  information  will  be  updated  as  the  aircraft  design  approaches 
the  final  production  model. 

General  Description  -  The  Boeing  270?  Supersonic  Transport  is  an 
aircraft  employing  the  principle  of  variable-wing  geometry.  During  takeoffs, 
approaches,  landings,  and  ground  operations,  the  2707  will  operate  with  its 
wings  in  the  forward  position.  In  the  forward  position,  the  leading  edges  of 
the  wings  have  a  sweep  of  30°  from  a  line  perpendicular  to  the  fuselage  center- 
line.  During  supersonic  cruise,  the  wings  are  Bwept  rearward  so  that  their 
trailing  edges  fair  into  the  leading  edges  of  the  horizontal  stabilizer.  As  a 
result,  the  aircraft  exhibits  a  delta  planform,  with  the  sweep  of  the  leading 
edges  of  the  wings  at  72°. 

For  purposes  of  optimizing  the  pilot's  range  of  vision  on  takeoff, 
landing  approaches,  and  while  taxiing,  the  SST  has  been  designed  so  that  its 
nose  can  be  articulated  downward  approximately  eight  feet. 

The  main  landing  gear  comprises  two  pairs  of  dual-tandem  trucks.  The 
forward  pair  of  trucks  is  spaced  outboard  of  the  rear  pair.  The  rear  pair  is 
steerable  in  conjunction  with  the  nose  gear. 
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The  3707  la  powered,  by  four  G.E.  4/J5 P  Jet  engines.  The  four  Jet 


engines  are  affixed  beneath  the  horizontal  stabilizer.  They  are  so  mounted  as 
to  have  an  upward  cant  from  the  inlet  of  about  5°  when  the  aircraft  is  standing 
on  a  horizontal  surface,  (hiing  to  the  geometry  of  the  engines,  however,  the 
centerline  of  the  efflux  at  the  exhaust  is  upward  from  the  horizontal  by  only 
slightly  more  than  1°.  Jet  wakes  of  the  power  plants  are  shown  in  the  sketches 
included. 

The  fueling  of  the  2707  is  accomplished  through  four  ports  located  on 
the  underside  of  the  wings  about  173.5  feet  aft  of  the  nose  and  about  22  feet 
outboard  of  the  centerline  of  fuselage.  Their  height  above  ground  is  about  12 
feet,  The  fueling  rate  is  to  be  2,000  gpm  at  a  maximum  pressure  of  50  psi.  The 
fuels  used  by  the  2707  will  be  the  same  as  those  used  by  subsonic  Jet  aircraft. 

Petals  Pertinent  to  Airport  Compatibility  -  The  principal  dimensions 
and  data  of  the  Boeing  2707  which  are  used  in  the  airport  suitability  studies 
are  shown  in  tbe  dqta  in  Figures  I  through  IV.  Comparison  data  for  the  DC-8 
main  landing  gear  is  also  displayed. 
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'07  CHARACTERISTICS  USED  IN  AIRPORT  EVALUATIONS 


Maximum  Gross  Weight,  Lb. 

Flight  Crew  Size 
Cabin  Attendants 
Passengers 

10/90  International  Mix 

All  Tourist  Configuration 

Cargo  Capacity,  Cubic  Feet 
(Using  Containers) 

Cargo  Capacity,  Lb. 

(Based  on  10  Lb./Cu.Ft.  Using  Containers) 
Fuel  Rate 

Number  of  Landing  Gears 
Structural  Materials 


675,000 

3 

8 

292 

310 

2,431 

24,310 

2,000  am  @  50  psi 
1  Nose  4  Main 
Titanium  6A1-4V 
High  Strength  Steel 
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*•*,  Moo’./  2707-200  _  Sid*  View 


10  FT.  6  IN. 


D6A10582-1 


» IV.  Lmndhta  Guar  Truck  Data 


2.2  Criteria  and  Evaluation  Data 

In  addition  to  the  aircraft  characteristics  thanselvea ,  certain  other 
material  was  necessary  as  a  basis  for  which  to  evaluate  the  airports.  These 
criteria  cover  the  pavement,  underground  structures,  terminal  maneuvering  and 
parking  space,  passenger  handling  capaDllities,  fueling  and  servicing  aspects, 
engine  blast  considerations,  fire  protection  equipment,  and  cost  data. 

2.2.1  Evaluation  of  Pavements 

Evaluation  of  pavements  required  for  the  supersonic  transport  is  one 
of  the  very  significant  items  in  the  consideration  of  SST  airport  compatibility. 
Pavement  compatibility  is  important  to  the  airport  operator  because  the  pave¬ 
ments  represent  one  of  his  major  facilities  investments  and  the  strengthening 
or  refurbishing  of  existing  pavements  can  represent  a  large  additional  capital 
investment.  On  the  other  hand,  pavement  compatibility  1b  of  high  import  to 
the  airplane  operator  because  without  it  he  must  bypass  the  airport,  or  at  the 
least,  operate  there  under  reduced  weight  conditions. 

Because  of  the  magnitude  and  import  of  pavement  compatibility,  a 
separate  document  has  been  prepared  and  is  maintained  on  the  subject.  This 
document,  D6A10317-1,  "Airport  Pavement  Requirements  for  the  Boeing  Supersonic 
Transport,"  discusses  the  assumptions  and  analytical  methods  used  In  pavement 
analysis  and  presents  comparative  data  for  the  Boeing  Supersonic  Transport  and 
the  Douglas  DC-8'55  Jet  transport.  The  "Pavement  Requirements"  document  appendix 
utilizes  this  data  in  combination  with  pavement  and  subgrade  data  acquired  from 
15  domestic  airports.  These  data  are  displayed  as  a  tabulation  of  SST  and 
DC -8- 55  requirements  versus  presently  existing  pavements  and  subgradea. 
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As  a  part  of  pavement  evaluation,  it  should  be  emphasized  that  many 
of  the  pavements  at  an  airport  would  never  be  used  by  a  fully  loaded  SST  or 
other  commercial  transport.  Thus,  there  would  be  no  requirement  for  these 
pavements  to  be  capable  of  supporting  the  full  gross  weights  of  these  airplanes. 
Examples  of  these  pavements  are  high-speed  exit  taxiways,  maintenance  and  over¬ 
haul  area  access  taxiways,  and  maintenance  aprons. 

The  DC-8-55  at  328,000  pounds  gross  weight  was  selected  as  the  SST 
airport  compatibility  airplane  by  agreement  between  the  Airport  Operators' 

Council,  the  Supersonic  Transport  Development  Office  of  the  FAA,  and  the  two 
airframe  contractors  then  engaged  in  the  supersonic  transport  program  competition. 
At  the  time  of  its  selection,  this  airplane  had  the  highest  pavement  requirements 
of  any  commercial  jet  transport  in  regular  service.  The  SST  designer's  goal  was 
then  to  develop  landing  gear  on  the  SST  that  would  be  compatible  with  any  pave¬ 
ments  or  pavement  structures  extant  which  were  compatible  with  the  DC -8-55. 

2.2.2  Requirements  for  New  Pavements 

The  determination  of  pavement  design  is  based  in  a  large  part  on  the 
Judgment  and  experience  of  the  designer.  There  it  no  universal  design  method 
and  at  the  15  major  domestic  airports  studied,  two  completely  different  methods 
of  flexible  pavement  design  are  in  use.  Because  of  these  different  design 
method  approaches,  two  complete  flexible  pavement  comparison  studies  were  pre¬ 
pared  for  the  SST  and  DC-8-55. 

2. 2. 2.1  Flexible  Pavement 

Using  the  FAA  flexible  pavement  procedure,  it  was  shown  that  for 
the  entire  range  of  subgrades  (Fa  to  FlO  as  defined  by  the  procedure)  the 
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Boeir.g  SST  required  less  pavement  thickness  than  the  DC-8.  For  that  reason, 
at  those  airports  that  use  the  FAA  flexible  pavement  method,  no  penalty  for 
additional  pavements  was  assessed  against  the  SST.  In  recent  revisions  of 
the  FAA  "Airport  Paving"  advisory  circular  (AC  150/5320-6A) ,  flexible  pavement 
requiranents  are  determined  on  the  basis  of  airplane  gear  type  and  airplane 
gross  weight.  For  airplanes  with  twin  tandem  main  gear  as  proposed  for  the 
SST,  the  pavanent  design  curves  are  limited  to  a  maximum  airplane  gross  weight 
of  400,000  pounds.  As  these  design  charts  are  generalizations  of  those  shown 
in  the  November,  1962,  "Airport  Paving"  circular,  it  was  assumed  proper  that 
those  base  charts  be  used  for  both  airplanes  In  this  comparative  study. 

In  the  pavement  evaluation  of  those  airports  that  presented  their 
flexible  pavement  subgrade  data  in  the  form  of  CBR,  the  Corps  of  Engineers 
pavement  analysis  method  was  employed.  In  those  cases  where  existing  pavements 
were  judged  inadequate  by  this  method,  engineering  Judgment  and  rationalization 
were  necessary  to  establish  the  overlsy  requirement  attributable  to  the  SST. 
These  rational  are  described  individually  where  those  situations  occur. 

2.2. 2. 2  Rigid  Paveaent 

In  the  evaluation  of  rigid  pavements,  the  combination  of  pavement, 
thickness  and  subgrade  strength  result  generally  in  lower  Induced  flexural 
stresses  by  the  S8T  than  the  DC-8-55.  In  those  few  instances  where  the 
reverse  li  true,  the  existing  pavements  are  overstreeeed  by  both  airplanes 
and  only  allghtly  more  by  the  B8T . 

Where  existing  rigid  payments  are  inadequate,  the  deficiency  would 
normally  be  corrected  with  a  bituminous  overly.  Owing  to  the  difference  In 
paveaent  flotation  characteristics  of  the  two  alrplanec,  a  thicker  corrective 
overlay  would  be  required  for  the  DC-8-55  than  for  the  SST . 
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2. 2. 2. 3  Fllleta 


The  adequacy  of  existing  fillets  at  pavanent  intersections  was 
evaluated  by  studies  performed  with  the  gear  assembly  configuration  of  the 
2707  reduced  to  a  scale  of  1"  *  30’.  Rolling  turns  were  used  to  obtain 
the  best  possible  approximation  of  actual  operating  conditions. 

Studies  made  in  this  manner  indicate  that  the  critical  requirement 
for  the  smooth  negotiation  of  intersection  turns  is  starting  them  tt  ^he  right 
point.  In  recognition  .of  this  finding,  the  criteria  adopted  for  normal  opera¬ 
tions  of  the  2707  provide  adequate  Margins  for  *iBjud<pent  by  the  pilot 
of  the  optimum  turning  point.  These  margins  are  achieved  by  limiting  the 
maximum  nose-wheel  steering  angle  to  50°  and  by  maintaining  18  feet  as  the 
minimum  clearance  from  edge  of  full-strength  pavement  to  centerline  of  nose 
gear  and  20  feet  from  edge  of  pavement  to  centerline  of  outside  truck.  In 
addition,  it  was  assumed  that  weaving  away  from  a  turn  prior  to  actually 
starting  it  would  not  be  a  normal  piloting  practice.  Figures  V,  VI,  and  VII 
illustrate  the  ^aths  followed  in  the  aodel  studies  of  typical  intersections. 

Within  the  limits  adopted  for  routine  operations,  it  was  found  that 
the  2707  can  be  maneuvered  smoothly  around  any  runway -runway  intersection 
and  any  runway-taxiway  intersection  paved  with  fillets  of  the  radii  recommended 
by  the  FM  and  its  Advisory  Circular  150/5335-1-  At  certain  taxiway-taxiwsy 
intersections,  however,  the  fillet  radii  recommended  by  the  FAA  are  Inadequate, 
iu  terms  of  the  adopted  study  criteria,  for  2707  taxiing  operations. 

At  almost  any  airport  pavement  intersection,  a  situation  can  be 
conceived  In  which  an  airline  aircraft  is  required  to  perform  an  awkward 
taxiing  maneuver  (e.g. ,  turning  the  acute  angle  of  a  high-speed  exit  taxiway}. 
In  day-to-day  operations,  however,  many  such  maneuvers  are  performed  only 
|  rarely,  if  at  all.  In  recognition  of  this  fact,  a  less  rigorous  set  of 
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criteria  was  adopted  during  the  study  for  determining  the  adequacy  of  the 
pavement  geometry  confronting  the  pilot  forced  to  make  an  unusual  maneuver. 

Basic  to  the  establishment  of  these  criteria  is  the  assumption  that  pilots 
in  such  circumstances  iri.il  maneuver  slowly  and  with  due  caution. 

The  operating  limits  adopted  for  rarely-made  intersection  maneuvers 
permit  the  use  of  the  maximum  nose-wheel  steering  angle  (75°) >  veering  away 
from  the  direction  of  turn  prior  to  starting  it,  and  a  reduction  to  a  5-foot 
clearance  between  the  edge  of  pavement  and  the  centerlines  of  nose-wheels  and 
the  main-gear  truck. 

Minimum  fillet  radii  for  a  wide  range  of  turning  angles  were  deter¬ 
mined  for  various  combinations  of  widths  of  intersecting  pavements  in  accordance 
with  each  set  of  criteria.  Tables  of  study  standards,  Figures  VIII  and  IX  were 
then  prepared  for  the  investigation  of  pavement  geometries  at  the  study  airports. 

Curved  taxiways  of  constant  radius  and  width  are  also  encountered. 
Studies  show  that  the  2707  can  readily  negotiate  75-foot-wide  taxiways 
having  radii  of  curvature  of  the  centerline  of  230  feet  or  more.  Where  the 
SST  would  use  such  taxiways  only  rarely,  the  radius  of  centerline  curvature 
can  be  as  little  as  100  feet.  (These  and  other  findings  are  contained  in 
Table  4,  Figure  IX.) 

Several  important  assumptions  were  made  prior  to  the  investigation 
of  individual  airports. 

(1)  The  88T  will  not  be  required  to  taxi  to  existing  air  cargo 
areas.  (This  it  the  only  limitation  placed  on  the  operational 
flexibility  of  this  plane.) 

(2)  Wo  preferential  ground  routing  clearances  will  be  issued  to 
pilots  of  SST's. 


(3)  Turnoffs  made  from  the  landing  roll  will  not  be  initiated 


PAVBCENT  OEOMETRY  REQUIR1MEKT8  BOEING  MODEL  2707 
NOTE:  Criteria  for  taxiing  through  "normal  usage"  intersections: 

(1)  Maximum  nose-wheel  steering  angle  equals  50°, 

(2)  Minimum  clearances  18  feet  from  edge  of  pavement  to  centerline 
of  nose-gear  and  20  feet  from  edge  of  pavement  to  centerline 
of  critical,  main-gear  truck. 

(3)  No  weaving  away  from  direction  of  turn  prior  to  starting  turn. 
Aircraft  centered  on  taxiway/runway  prior  to  starting  turn. 

(4)  Required  fillet  radii  to  next  largest  25  feet. 


TABLE  1 

RUNWAY -TAXIWAY  FILLETS 


Angle  of  Turn 


Minimum  Edge-of-Fillet  Radius  Required 
to  150-ft  R/W  to  200-ft  R/w  to  200-ft  R/V 
_ 100- ft  T/W  75-ft  T/W  100- ft  T / 


75-ft  T/W 

100-ft  T/W 

75- 

30 

0 

0 

0 

45 

0 

0 

0 

60 

50’ 

0 

c 

75 

75* 

0 

50’ 

90 

75* 

0 

50’ 

105 

75’ 

25* 

50* 

120 

75’ 

25’ 

50’ 

135 

75' 

50* 

75' 

150 

75' 

50' 

50’ 

TABLE  2 

TAXIWAY-TAXIWAY  FILLETS 


Angle  "'f  Turn 


Minimum  Edge-of-Fillet  Radius  Required 
b  Tsxiwsys  100-ft  Taxiwe 
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PAVEMENT  GEOMETRY  REQUIREMENTS  BOEING  MODEL  2707 
Note:  Criteria  for  taxiing  through  "rar ..  uaage"  intersections: 

(1)  Maximum  noae-vheel  ateering  angle  equala  75°- 

(2)  Minimum  clearance,  edge -of-pavement  to  centerline  of  nose-gear 
and  to  centerline  of  critical  main-geaur  truck  equala  5  feet, 

(3)  Weaving  away  from  direction  of  turn  prior  to  starting  turn 
permitted. 

Runway-taxiway  interaectiona  turned  according  to  the  above  criteria 
do  not  require  fillets. 


TABLE  3 

TAXIWAY-  TAXIWAY  PILUSTS:  RARE  USAGE 

Angle  of  Turn _ _ _ Minimum  Edge-of-Flllet  Radius  Required 


closer  than  4,000  feet  from  the  marked  landing  threshold  of 
the  runway. 


r 

/? 


o 

I 

o 
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(4)  Reverse  turns  from  a  runway  to  a  parallel  taxiway  will  only 
rarely  he  made  via  the  acute  side  of  a  30°  high-speed  exit 
taxiway.  (The  layout  of  such  an  exit  is  commonly  characterized 
hy  a  taxiway  throat  width  of  100  feet  and  a  fillet  radius  of 
25  feet  on  the  acute  side.  The  2707  can  make  the  150° 
turn  around  the  acute  angle  without  exceeding  the  18-foot 
edge-of -pavement  clearance  criterion;  however,  the  maneuver 
must  be  started  with  the  aircraft  offset  toward  the  opposite 
side  of  the  runway.) 

The  first  step  in  the  study  of  intersection  fillets  at  the  individual 
airports  was  the  elimination  of  those  pavements  that  the  SST  would  never  use, 
such  as  entrances  to  cargo  areas,  etc.  Next,  each  remaining  fillet  was 
classified  either  as  "rare  usage"  or  "normal  usage.”  In  marginal  cases,  the 
fillets  were  conservatively  classified  as  "normal  usage”  pavements. 

Where  applicable,  the  standards  developed  for  the  study  were  used 
to  determine  the  adequacy  of  the  existing  construction  (which  was  taken  to 
include  any  proposed  future  construction  for  which  the  airport  operator  had 
prepared  engineering  plans,  as  well  as  pavement  now  in  place  or  under  construc¬ 
tion).  A  separate  model  study  was  performed  for  each  intersection  to  which 
the  study  standards  were  found  inapplicable. 

Quantities  were  determined  for  the  improvements  required  to  bring 
each  inadequate  fillet  up  to  the  set  of  study  standards  by  which  it  had  been 
classified,  except  where  the  rare  usage  classified  fillets  require  improvement. 
For  these  it  was  determined  to  show  quantities  which  would  bring  them  to  uc*rw«d 
usage  standards.  Included  were  grading,  full-strength  pavement,  shoulder 
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pavement,  marking,  sign  relocations,  edge-lighting  relocations,  and  (-where 
required)  new  edge  lighting.  At  all  airports,  signs  and  lights  were  assumed 
to  be  in  existence  at  all  pavement  intersections,  whether  or  not  they  are 
currently  installed.  It  was  assumed  that  the  minor  shifting  of  the  points  of 
curvature  and  tangency  resulting  from  the  fillet  modifications  would  not  in 
turn  require  the  relocation  to  uniform  spacings  of  all  edge  lighting  between 
intersections.  Although  the  realization  of  such  an  assumption  would  not  be  in 
accord  with  the  current  FAA  recommendations  for  edge-lighting,  it  is  believed 
that,  as  a  matter  of  practical  economics,  the  airlines  will  not  press  airport 
operators  to  embark  on  expensive  edge- relighting  projects  for  the  relatively 
minor  improvements  to  be  gained. 

Current  unit  prices  for  materials  and  labor  were  applied  to  the 
estimated  quantities  to  determine  the  costs  of  improvements.  All  such  costs 
have  been  allocated  to  the  SST.  They  are  reported  in  the  summary  of  costs  found 
at  the  end  of  each  airport  evaluation. 

2. 2. 2.4  Holding  Aprons 

Holding  aprons  at  the  ends  of  runways  are  of  less  importance  to 
turbine-powered  aircraft  than  to  piston-engine  aircraft,  whose  pilots  require 
them  for  engine  runups.  By  the  time  the  SST  is  in  use,  there  will  be  very  few 
or  no  piston-engine  aircraft  in  the  inventories  of  the  scheduled  airlines, 
nevertheless,  the  holding  apron  will  continue  to  serve  as  an  area  in  which 
aircraft  lacking  departure  clearance  or  requiring  additional  last-minute 
functional  checking  can  wait  while  those  behind  them  pass. 


REV  SYM 


■  D6a10 582-1 


I*  AOS 


20 


0*7000 


< 


The  combination  selected  as  critical  for  this  study  was  a  Boeing  7^7 
with  a  wing-span  of  196  feet  and  the  2707,  which  has  a  17^-foot  span  with  wings 
extended.  Depending  upon  the  geometry  and  size  of  the  apron,  the  SST  (assumed 
to  be  the  holding  aircraft)  was  parked  either  parallel  to  the  long  edge  of  the 
apron  or  at  an  angle  to  it,  with  the  main  gear  no  closer  than  18  feet  from 
the  edge  of  pavement.  In  maneuvering  into  its  parked  position,  the  criteria 
of  maximum  nose-wheel  and  minimum  gear-to-edge-of -pavement  equals  18  feet  were 
observed. 


O 

! 

a 
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The  subsonic  aircraft  was  required  to  pass  on  the  taxiway  centerline 
while  clearing  the  SST  by  at  least  40  feet. 

Where  necessary,  the  widenings  and  lengthenings  required  by  these 
criteria  have  been  designed  and  all  costs  associated  therewith  have  been 
estimated,  including  the  resetting  or  addition  of  edge  lights. 

2. 2. 2. 5  Terminal  Aprons 

At  some  terminal  areas,  the  layout  of  concourses  and  satellites  is 
such  that  aircraft  parked  at  the  outermost  gate  positions  are  too  close  to 
the  periphery  of  the  apron  to  permit  the  passage  of  a  2707.  Although  other 
large  aircraft  placed  in  service  prior  to  the  SST  will  probably  necessitate 
the  widening  of  aprons  in  such  terminal  areas,  the  costs  of  appropriate 
widenings  have  been  estimated  and  allocated  to  the  SST.  FAA  minimum  spacing 
will  not  be  exceeded. 

2. 2. 2.6  Terminal  Area  Inlays 

At  some  of  the  study  airports,  certain  terminal  area  pavements  have 
been  inlaid  with  concrete  pads  at  the  gate  positions.  These  serve  a  two-fold 
purpose:  (1)  the  prevention  of  rutting,  which  frequently  occurs  when  flexible 
pavements  are  subjected  to  static  or  highly  channelized  loads;  and  (2)  the 
prevention  of  pavement  deterioration  caused  by  fuel  spillage. 
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At  those  airports  where  the  management  or  tenant  airlines  have 
installed  an  appreciable  amount  of  rigid-pavement  inlay,  it  has  been  assumed 
that  inlays  would  be  required  at  the  SST  gate  positions. 

An  inlay  75'  x  130#  would  provide  an  ample  margin  around  the  fueling 
stations,  main  gear,  and  engines,  end  inlays  of  this  size  have  been  assumed 
for  estimating  purposes.  It  is  not  believed  that  the  nose-gear,  which  is 
relatively  lightly  loaded,  would  require  inlays;  and  it  is  quite  possible, 
besides,  that  at  most  SST  parking  positions  the  nose-wheels  would  be  standing 
on  inlays  constructed  for  present-day  aircraft. 

2.2.3  Evaluations  of  Structures 

At  every  airport  investigated,  it  has  been  found  that  pavements 
subjected  to  aircraft  loadings  are  underlain  in  many  places  and  at  various  depths 
by  several  types  of  structures.  These  may  be  pipes,  culverts,  utility  conduits  or 
passenger  and  baggage  channels.  A  few  airports  have  pit  covers  or  drainage 
grates  of  sizes  sufficient  to  warrant  investigation  for  the  effects  of  2707 
gear  loads. 

2. 2. 3.1  Bridges  and  Culverts 

At  five  airports,  there  are  or  will  be  overpass  BtructureB  or  vehicu¬ 
lar  subways  carrying  aircraft  live  loadings.  The  assumptions  and  criteria 
employed  in  the  investigation  of  all  such  structures  sire  given  below: 

a.  Aircraft  Loads  -  Static  2707  loads  and  their  arrangement  we 
the  same  as  those  used  for  the  evaluation  of  pavements.  (Refer 
to  the  above  discussion  and  to  Figure  IV. 

Rolling  impact  loads  have  been  neglected  for  all  structures 
except  overpasses  and  culverts  with  less  than  three  feet  of 
cover.  The  rolling  impact  factors  Used  in  the  investigations 
of  overpasses,  subways,  and  culverts  were  the  same  ones  used  by 
their  designers. 
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b.  Strength  of  Materials  -  The  properties  of  all  structural 

/ 

materials  were  assumed  to  he  those  required  by  the  specifications 
to  which  they  were  built  or  fabricated.  Assumed  soil  bearing 
values  are  those  used  by  the  original  designers. 

c.  Methods  of  Analyses  -  Overpass  deck  slabs  and  the  top  slabB  of 
box  culverts  and  other  underground  structures  having  less  than 
two  feet  of  fill  cover  have  been  analyzed  for  a  live  load  distri¬ 
bution  based  on  orthotropic  plate  theory,  which  accounts  for  the 
relative  stiffness  of  the  slab  parallel  and  normal  to  the  span 
length.  The  top  slabs  of  box  culverts  and  underground  structures 
having  a  fill,  cover  of  greater  them  two  feet  have  been  analyzed 
for  a  live  load  distribution  in  accordance  with  American  Associa¬ 
tion  of  State  Highway  Officials  (A.A.S.H.O)  data  exhibited  in 
paragraph  2. 2. 3. 3.  The  bottom  slabs  of  box  culverts  and  the 
footings  of  underground  structures  have  been  analyzed  for  a  live 
load  distribution  in  accordemce  with  the  same  A.A.S.H.O.  item, 
except  that  the  loads  have  been  distributed  longitudinally  by 
the  walls.  The  box  culverts  and  underground  structures  have 
been  analyzed  as  rigid  frames  for  stresses  caused  by  dead  load, 
live  load,  and  earth  pressure. 


Orates  and  their  supporting  beams  have  been  analyzed  for  the 
wheel  loadB  distributed  over  the  tire  contact  areas  shown  in 
Figure  IV. 

2. 2. 3. 2  Pipes  and  Conduits 

At  each  of  the  airports  studied,  there  are  extensive  and  complex 
installations  of  pipe  and  circular  conduit.  Complete  and  up-to-date  underground 
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survey  maps  are  seldom  available,  and  the  specifications  and  field  reports  on 
materials  actually  used  and  construction  practices  followed  axe  also  difficult 
to  obtain.  For  these  reasons,  investigations  of  many  individual  conduits 
could  not  be  made. 

It  was  decided,  therefore,  to  use  the  same  approach  an  that  used 
in  th?  analysis  of  the  2707 's  compatibility  with  airport  pavements,  and  the 
DC-8-55  was  again  used  as  the  criterion  aircraft. .  _ (See  Figure  IV.)  A  full 
explanation  of  the  method  of  analysis  and  the  results  thereof  axe  given  in 
paragraph  2. 2. 3.3*  The  results  may  be  summarized  as  follows: 

(1)  For  depths  of  cover  of  1  to  2  feet,  the  2707  imposes  loads 
5  per  cent  greater  than  those  imposed  by  the  DC-8-55; 

(2)  For  depths  of  cover  of  2  feet  to  about  5  feet,  the  DC-8-55 
imposes  the  greater  load; 

(3)  ihe  depth  of  cover  at  which  maximum  relat4ve  over-stress  on 
the  pipe  occurs  is  about  8  feet,  and  for  this  depth  the  loads 
imposed  by  the  2707  are  about  8  per  cent  greater  than  those  / 
imposed  by  the  DC-8-55. 

The  DC-6  and  other  aircraft  exerting  similar  loads  have  been 
operating  at  moat  of  the  airports  studied  for  over  five  years.  That  no  damage 
to  pipe  or  conduit  has  been  reported  is  indicative  of  proper  selection  of 
materials  and  good  construction  practice. 

Since  it  would  serve  little  useful  purpose  to  move  and  replace 
undamaged  pipe  in  anticipation  of  imposed  loads  only  8  per  cent  greater  at 
most  than  those  currently  being  borne  without  evidence  of  distress,  it  has  been 
assumed  that  no  coats  will  be  incurred  by  the  2707  for  improvements  to  pipe 

o  and  conduit. 
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j  2. 2. 3-3  Vertical  Loads  on  Underground  Conduits  -  A  Comparative  Analysis  of 

j 

I  The  Douglas  DC-8-55  and  The  Breing  2707 

i 

>  Basically,  the  main-gear  truck  of  the  DC-8  and  the  Eoeing  2?0?  are 

| 

j  quite  similar.  The  DC-8  has  four  tires  spaced  30  .inches  center-to-center 
J  transversely  and  55  inches  center-to-center  in  the  longitudinal  direction. 

i 

!  The  corresponding  dimensions  of  the  2707  are  only  slightly  larger.  (See 
{  Figure  rO 

j 

The  DC -8  has  two  trucks,  while  the  2707  has  four  trucks.  Those  of 

! 

t 

primary  concern  are  the  rear  tricks,  which  are  the  most  cloBely  spaced. 

The  investigation  cf  the  loads  on  any  underground  pipes  by  any  precise 

method  is  practically  impossible.  The  distribution  of  the  tire  load  through 

i 

i 

j  pavement  directly  over  and  adjacent  to  the  pipes,  the  method  of  bedding  the 
pipe,  and  the  method  of  placing  t*  backfill  are  quite  variable.  Because  of 
the  similarity  of  the  trucks  being  compared,  the  procedure  used  to  determine 
the  live  load  transmitted  to  pipes  was  that  described  in  Article  1.3-3, 
"Distribution  of  Wheel  Loads  Through  Earth  Fills,"  of  the  Standard  Specifications 
for  Highway  Bridges  of  the  American  Association  of  State  Highway  Officials . 

Eighth  Edition,  1961. 

It  is  known  that  the  dead  loads  imposed  by  fills  over  large  pipes 
placed  in  trenches  can  be  somewhat  greater,  by  up  to  25  per  cent,  than  the 
weight  of  fill  directly  over  the  horizontal  projection  of  the  pipe.  On  small 
pipe,  the  fill  dead  loads  can  be  as  much  as  two  to  three  times  the  weight  of 
the  fill  directly  over  the  pipe.  Accordingly,  two  cases  were  investigated: 

Case  A,  in  which  a  factor  of  unity  is  applied  to  the  fill  dead  load;  and  Case 
B,  in  which  a  factor  of  two  is  applied. 

The  combined  dead  and  live  loads  on  pipe  to  which  aircraft  loads  are 
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transmitted  are  tabulated  below  as  ratios  of  the  loads  caused  by  the  2707 
divided  by  those  caused  by  the  DC-8-55. 


Z(, 


o 

i 

Q 

< 


Depth  (Ft.)  Case  A  Case  B 


0.94 

0.94 

0.98 

0.98 

1.06 

l.o4 

1.08 

1.05 

1.08 

l.o4 

?©r  very  shallow  depths  ^f  cover,  the  loads  on  pipe  are  proportional 
to  the  tire  loads,  and  the  2707  imposes  loads  about  5  per  cent  greater 
than  does  the  DC-8-55.  For  covers  from  2  feet  to  about  5  feet,  the  closer 
ppac-ing  of  the  tires  of  a  single  truck  of  the  DC-8-55*  despite  the  slightly 
lighter  lc-ai  per  tire,  results  in  greater  loads  on  the  pipe  than  those  caused 
by  the  2707.  Above  a  cover  of  about  5  feet  the  closer  truck  spacing  of 
the  2707  produces  a  greater  load  on  the  pipe,  but  the  dead  load  of  the 
fill  over  the  pipe  becomes  a  greater  percentage  of  the  total  load.  The 
2707,  therefore,  produces  maximum  loads  on  pipe  no  more  than  about  108  per  cent 
of  those  produced  by  the  DC-8-55. 

2.2.4  Terminal  Area  Considerations 

Three  major  areas  of  study  were  made  in  regard  to  the  terminal: 

a.  Aircraft  Maneuvering,  Docking  and  Parking 

b.  Passenger  Loading 

c.  Fueling  and  Servicing 

All  of  the  above  items  are  applied  as  external  functions,  as  they 
are  related  to  the  aircraft.  No  internal  terminal  functions  have  been  considered. 
2. 2. 4.1  Maneuvering  and  Docking 

The  studies  of  the  terminal  area  have  been  to  examine  the  degree  of 
flexibility  open  to  the  airlines  for  maneuvering  and  docking  the  2707  by 
conventional  techniques.  (Turning  radius  data  used  in  Figure  X.)  Thn  operating 
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criteria  employed  in  studying  the  feasibility  of  maneuvering  into  and  from  a 
specific  position  were  as  follows: 


(1)  Allowance  is  to  be  made  for  a  forward  roll  of  10  feet  prior 
to  stopping  and  a  10-foot  forward  roll  prior  to  taxiing  out. 
(Where  taxi-out  is  possible.) 

(2)  A  minimum  of  25  feet  clear  from  all  fixed  objects,  retracted 
loading  devices,  and  other  aircraft  will  be  maintained  while 
maneuvering  and  when  docked  except  that  a  minimum  of  10  feet 
from  nose  to  building  will  be  permitted  for  nose-in  parking. 

(3)  Retraction  of  the  wings  shall  not  be  necessary  to  gain  required 
clearances . 

(4)  The  maximum  nose-wheel  steering  angle  of  75°  may  be  employed 
for  maneuvering. 

(5)  The  nose,  which  is  normally  down  for  ground  maneuvering,  may 
be  raised  as  required  to  clear  low  obstructions  to  maneuvering. 

(6)  When  docked,  the  2707  shall  not  interfere  with  vehicular 
travelways  adjacent  to  terminal  buildings  and  concourses. 

(7)  All  other  considerations  being  equal,  the  most  feasible  gate 
positions  for  the  S3T  would  be  those  to  (and  in  acme  cases  from) 
which  it  can  be  maneuvered  under  itB  own  power.  The  conservative 
assumption  was  made  that  criteria  in  this  regard  is  as  follows 
where  jet  wakes  are  incurred. 
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JET  WAKES  DISTANCES 


Item 

Typical 

Velocity 

Corresponding 

Temperature 

Distance 
Behind  A/P 

Personal  Comfort,  Loose 
Objects,  Equipment  Location 
(Including  Extended  Loaders) 

30  MFH 

Ambient 

360’ 

Cross  Gusts  on  Moving  Vehicles 

20  MFH 

Ambient 

470’ 

Building  Design 

75  MFH* 
30#/Ft.2 

130°F. 

150’ 

♦Normal  to  Surface 

(8)  Allowance  has  been  made  for  taxiway  clearances  for  the  larger 
subsonic  jets  (Boeing  7^7)  in  areas  where  they  will  be  passing 
the  2707*  No  consideration,  however,  has  been  given  to  situations 
where  2707' s  must  pass  parked  "jumbo"  jets,  since  it  is  not  known 
how  or  where  they  will  be  parked. 

2. 2. 4. 2  Pas a anger  Loading 

Passenger  loading  evaluation  must  consider  the  inmlnent  changes  to 
be  introduced  by  proposed  airplanes  and  traffic  growth.  Since  the  Boeing  Model 
747  and  stretched  versions  of  the  DC-8  are  being  placed  in  service  prior  to 
the  introduction  of  the  2707,  it  is  highly  likoly  that  many  existing  terminal 
facilities  will  have  undergone  extensive  architectural  remodeling.  Hold  rooms 
in  concourses,  for  example,  may  require  enlargement,  and  the  concourses  them¬ 
selves  may  have  to  be  widened.  Also,  mobile  loading  ramp 'heights  will  have  to 
be  increased.  Since  such  alterations  would  probably  be  made  even  if  the  2707 
were  not  developed,  the  costs  involved  are  not  properly  attributable  to  it. 

It  is  foreseen  that  passengers  will  normally  be  transferred  between 
the  2707  and  the  terminal  building  vxa  second-story  loaders.  Alternate  parking 
positions  have  been  studied  to  determine  the  optimum  mode  of  gate  positioning 
for  passenger  handling.  Final  gate  positions  selected  and  shown  in  the  report 
have  been  chosen  to  ensure  taxiing  clearance,  and  usage  of  existing  loading 
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bridges,  while  maintaining  the  capability  of  two-door  loading.  (Except  where 
indicated  as  one  door  loading.) 

Representative  costs  of  alteration  or  replacement  have  been  estimated 
for  the  various  loaders  in  use  at  gate  positions  where  the  2707  can  be  readily 
parked.  The  costs  of  new  loaders  at  new  locations  on  the  terminal  face  have 
also  been  estimated.  Such  costs  are  greater  than  those  of  a  replacement  loader 
by  the  amount  required  to  provide  power  and  an  opening  in  the  terminal  face. 

A  wide  variety  of  passenger-loading  practices  was  observed  at  the 
airports  included  in  the  study.  At  sane,  all  loading  and  unloading  of  large, 
subsonic  jets  is  performed  by  movable  ramps.  More  commonly,  however,  a  mixture 
of  practices  is  found.  Typical  of  such  situations  is  the  one  in  which  each 
airline  has  exclusive  gates  assigned  to  it  and  has  been  permitted  to  install 
loaders  of  its  own  choice  at  locations  of  its  own  choice.  To  achieve  consistency 
in  the  allocation  of  costs  per  gate  position,  the  following  criteria  have  been 
adopted  for  the  purposes  of  this  report: 

(1)  At  existing  terminal  facilities  where  there  are  now  no  loaders 
and  where  no  equipment  has  as  yet  been  selected  for  future 
installation,  no  passenger-loading  costs  are  attributable  to 
the  2707.  The  basis  for  this  reasoning  is  that  future  install¬ 
ations  will,  for  the  most  part,  be  compatible  with  large  subsonic 
jets  and,  therefore,  with  the  2707  as  well. 

(2)  The  same  reasoning  holds  true  for  proposed  terminal  buildings 
and  for  proposed  extensions  to  existing  terminal  buildings. 

(3)  If  at  a  particular  concourse,  satellite,  or  unit  terminal 
building  it  is  the  current  practice  of  a  particular  airline  to 
perform  all  or  most  passenger  loading  by  means  of  second-level 
loaders,  then  all  costs  incurred  by  providing  the  same  capability 
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(4)  At  concourses,  satellites,  or  unit  terminals  where  the  airport 
operator  or  the  airlines  have  installed  loaders  at  only  a  few 
of  many  positions,  second-level  loading  is  not  considered  to  be 
normal  practice.  Therefore,  at  those  terminals,  no  loader  costs 
are  attributed  to  the  2707.  If  an  existing  loader  can  be  used, 
the  costs  of  any  required  modifications  to  it,  plus  the  costs 
of  a  second  new  loader  are  allocated  to  the  2707. 

From  the  foregoing  criteria,  it  can  be  appreciated  that,  for  a  par¬ 
ticular  airport,  passenger-loading  costs  might  be  charged  to  seme  3ST  positions 
and  not  to  others.  To  prevent  any  misunderstanding  of  the  average  costs 
reported  per  position,  the  summary  of  costs  given  in  each  airport  evaluation  report 
shows  both  the  total  number  of  2707  gate  positions  investigated  and  found  to 
be  feasible  and  the  number  of  such  positions  for  which  passenger- loading  costs 
are  considered  attributable  to  this  airplane. 

The  costa  are  necessarily  approximate,  and  perhaps  somewhat  con¬ 
servative.  The  data  obtained  on  existing  passenger-loading  installations  at 
some  terminal  facilities  were  incomplete,  and  for  some  ashes  and  models  there 
are  no  coat  histories  for  the  kinds  of  modifications  required  to  make  the 
loaders  compatible  with  the  2707. 

Where  no  data  were  obtained  on  the  maximum  vertical  adjustability 
of  existing  or  firmly-planned  loaders,  it  was  conservatively  assumed  that,  if 
retained  for  use  at  S8T  gate  positions,  such  equipment  would  require  modifica¬ 
tion  to  enable  their  cabs  to  match  the  sill  heights  of  either  the  forward  or 
second  door  of  the  2707.  It  was  further  assumed  that  the  longer  tele¬ 

scoping  models,  after  being  modified,  would  remain  compatible  with  current 
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I  aircraft.  On  the  other  hand,  it  was  assumed  that  the  replacement,  resetting, 
or  modification  of  existing  short  nose- loaders  would  result  in  a  gate  position's 
becoming  exclusively  an  S3T  facility. 

2. 2. 4. 3  Fuel  System 

2707  fuel  will  be  a  standard  commercial  kerosene  of  the  same  grade 
as  that  used  by  subsonic  jet  airplanes.  Thus,  the  existing  fuel  storage  and 
distribution  systems  may  be  used  for  both  supersonic  and  subsonic  airplanes. 

Fuel  will  be  loaded  through  two  under-wing  fueling  stations  having 
two  hose  receptacles  each.  The  fueling  ports  are  located  under  each  wing 
stub  (see  Figure  II  for  dimensions).  The  aircraft  is  designed  to  accept  2,000 
gpm  at  a  maximum  pressure  of  50  psi. 

At  those  airports  where  underground  fuel  supply  lines  are  not  installed, 
it  will  be  practical  to  refuel  the  2707  from  tenders,  although  a  means  will  have 
to  be  provided  to  reach  the  fuel  hose  receptacles,  which  sire  about  12  feet  above 
the  ground.  A  modification  providing  a  platform  on  the  tender  itself  would 
satisfy  this  requirement. 

The  designs  of  most  existing  underground  systems  have  been  based 
upon  a  maximum  fueling  rate  of  1,200  gpm  per  aircraft.  In  general,  the  2707 
will  occupy  two  current  gate  positions.  Since  the  maximum  flow  rate  of  2,000 
gpm  for  the  Model  2707  is  less  than  twice  the  design  flow  rates  of  1,200  - 
1,600  gpm  of  current  jet  aircraft,  it  is  judged  that  increases  in  the  numbers 
and  sizes  of  the  trunk  and  loop  pipe  lines  of  existing  underground  fuel  systems 
will  not  he  required. 

In  the  future,  some  airport  operators,  tenant  airlines,  or  fuel 
suppliers  may  install  additional  trunk  or  loop  capacity.  They  may  in  addition, 
or  aa  an  alternative,  increase  the  pumping  capacities  and  line  pressures  of 
o  existing  underground  systems .  Certain  of  such  modifications  will  be  necessary 

o  in  the  normal  course  of  converting  the  airline  fleets  from  piston-  to  turbine- 
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engine  equipment.  Others  will  be  necessitated  by  increases  in  peak-hour 
traffic,  which  will  place  on  seme  systems  instantaneous  demands  in  excess  of 
those  assumed  in  their  designs.  Modifications  made  for  these  reasons  axe  not 
considered  to  be  attributable  to  the  2707.  Because  its  schedule  patterns  will 
probably  differ  from  those  of  subsonic  aircraft,  the  2707  may,  in  fact, 
alleviate  the  peak-hour  instantaneous  demand  problem. 

Exifting  fuel  hydrants  may  not  prove  to  be  suitable  for  fueling  the 
2707  at  the  maximum  rate  specified.  If  so,  a  larger  (possibly  four-inch) 
connection  may  be  necessary  to  satisfy  the  requirment  of  1,000  gpm  per  ground 
fueling  station.  Accordingly,  the  costs  of  providing  new  hydrants  and  laterals 
have  been  estimated  and  attributed  to  the  270?. 

Similarly,  it  is  evident  that  existing  fueling  carts  would  not  be 
suitable  to  service  the  SST.  However,  carta  capable  of  serving  supersonic 
transports  as  well  as  current,  large  subsonic  transports  can  be  anticipated 
to  be  in  use  before  the  2707  is  introduced.  Inasmuch  aa  the  proportion  of  the 
unit  cost  of  such  carts  fairly  attributable  to  the  2707,  aa  well  aa  the  number 
of  them  required  per  compatible  gate  position,  cannot  be  ascertained  at  this 
time,  no  expenditures  will  be  expected  for  the  modification  of  current  models, 
or  for  incremental  costs  of  new  ones. 

At  most  airports,  bulk,  fuel  supply  systems  and  bulk  and  satellite 
storage  systems  will  have  to  be  increased  for  the  rapidly  increasing  rate  of 
traffic  growth  and  the  conversion  to  an  all-tvublne  fleet  of  airline  aircraft. 
Such  improvements  may  be  expected  to  provide  for  a  much  greater  daily  demand 
than  those  anticipated  when  the  systems  were  designed.  For  the  reasons 
previously  cited  in  connection  with  distribution  and  loop  pipelines,  the  costs 
of  such  expansions  are  not  considered  to  be  specifically  chargeable  to  the  2707- 

For  airports  having  underground  fuel  systems,  the  costs  attributable 
to  the  2707  for  modifications  are  reported  on  a  per-gate-poeition  basis. 
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Modification  coats  were  determined  for  each  feasible  SST  gate  position  at 
concourses,  satellites,  and  unit  terminals  now  served,  or  soon  to  be  served, 
by  such  a  system.  These  costs  were  totalled  and  averaged.  The  number  of 
gate  positions  for  which  costs  were  estimated  is  reported  with  the  average  cost. 
2.2.5  Blast  Effects 

Figures  XI  and  XII  show  the  profiles  of  engine  blast  velocity  and 
temperature  contours  for  two  different  levels  of  thrust  -  maximum  augmented  power 
and  breakaway  power.  The  first,  associated  with  takeoff,  is  applicable  to 
areas  to  the  rear  of  runway  thresholds.  Breakaway  power  is  of  interest  primarily 
in  terminal  areas  and  at  holding  aprons  where  the  efflux  velocities  shown  would 
be  developed  at  the  start  of  taxiing. 

The  engines  of  the  2707  will  be  capable  of  developing  thrusts  con¬ 
siderably  greater  than  those  developed  bj  current  airline  jet  engines.  They 
will  do  this  primarily  by  accelerating  correspondingly  larger  masses  of  air. 

While  their  jet  wake  velocities  will  be  somewhat  higher  for  ground  maneuvering 

than  those  of  present-day  turbo- fan  engines,  they  will  differ  little 

from  those  of  the  moat  powerful  subsonic  turbojet  engines  now  in  airline  use. 

The  greater  height  of  the  2707  engines,  as  compared  to  those  of  current  underwing 
engines,  tends  to  offset  the  effects  of  higher  velocities  as  related  to  vehicles 
and  personnel  on  the  ground. 

In  terminal  areas,  the  principal  operations!  difference  anticipated 
is  that  the  2707  will  be  towed  or  pushed  somewhat  farther  from  terminal  faces 
and  other  aircraft  more  frequently  than  is  the  present  practice;  this  difference 
will  be  minor  and  will  not  significantly  alter  terminal  operations. 

The  2707  engine  exhaust  velocity  and  temperature  impingement  on  the 
runway  during  takeoff  rotation,  although  greater,  than  present  subsonic  Jets,  is 
not  anticipated  to  have  any  adverse  effects. 
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Generally  there  is  no  incompatibility  of  the  2707  with  the  airports 
studied  in  the  area  of  blast  effects,  except  where  blast  fences  must  be  lengthened 
to  be  effective  for  the  SST. 

2.2.6  Fire  Rescue  Equipment 

Considerable  research  and  development  in  aircraft  fire  rescue  technology 
is  in  progress.  The  FAA  and  the  military  are  engaged  in  studies  and  experimental 
programs  designed  to  improve  equipment  response  time  and  fire-fighting  materials, 
capabilities,  and  techniques. 

With  the  advent  of  the  stretched  versions  of  today's  Jets  and  the 
larger  subsonic  jets  the  aviation  industry  will  be  faced  with  the  problems  of 
achieving  the  capability  to  rescue  larger  numbers  of  passengers  from  individual 
aircraft  firet .  Since  these  planes  precede  the  2707  and  the  passenger  carrying 
capacities  are  comparable,  the  capabilities  developed  will  serve  for  the  2707 
requirements  also. 

The  temperature-resistant  titanium  fuselage  of  the  2707  will  add  extra 
minutes  of  protection  for  the  occupants.  The  arrangement  and  size  of  the  exits 
permit  evacuation  of  passengers  on  the  ground  in  90  seconds  with  all  exits 
blocked  on  one  side.  It  is  therefore,  not  anticipated  that  new  or  additional 
types  of  rescue  equipment  will  be  required  for  the  SST. 

2.2.7  Runway  Lengths 


Takeoff  and  landing  runway  length  requirements  for  various  performance 
conditions  of  the  2707  are  Bhown  in  Figures  XTII  and  XIV.  It  is  apparent  from  these 
figures  that  the  runway  lengths  required  are  less  than  those  at  all  the  airports 
evaluated  in  this  report. 

All  -he  airports  are  therefore  considered  compatible,  and  will  not 
be  discussed  further  in  the  evaluations. 


The  uahLle  runways  are  shewn  as  ’inshaded  on  Plate  1  of  each  of  the 


airports . 
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2.3  Economics  and  Coats 

One  of  the  functions  of  this  report  v&s  to  evaluate  existing 
incompatibilities  between  the  proposed  SST  and  the  study  airports.  Where  an 
incompatibility  was  determined  to  exist ,  it  was  defined  as  well  as  possible  and 
a  logical  solution  projected.  Using  cost  histories  for  similar  projects  at  the 
airport  where  the  incompatibility  was  found,  the  cost  of  resolving  the  problem 
was  estimated. 

In  most  cases,  the  existence  and  magnitude  of  any  incompatibility 
were  plainly  defined  to  the  degree  of  significance  warranted  by  this  report. 
However,  at  three  airports  (New  York,  Los  Angeles,  and  San  Francisco)  this 
definition  was  not  readily  apparent .  In  these  cases,  engineering  judgment 
suggested  alternate  solutions  and  cost  estimates  were  included  for  both  a  "best" 
estimate  and  a  "high"  estimate. 

Coat  items  sire  presented  as  a  total  figure  except  items  involving  gate 
positions.  Since  the  exact  number  of  gate  positions  were  net  established,  those 
costs  were  presented  on  a  "per  gate  position"  basis.  To  prevent  presenting 
excessive  detail,  the  costs  of  the  gates  at  each  airport  were  averaged  and  the 
average  cost  presented.  The  gate  position  costa  covered  various  factors  such 
as  loaders,  fueling  facilities,  and  apron  inlays. 

All  estimates  are  based  on  best  available  1966  "in  place"  cost  infor¬ 
mation  applicable  to  the  local  areas  involved. 

Items  which  aure  peculiarly  applicable  to  individual  airports  ere 
explained  in  the  evaluations  and  will  not  be  covered  in  the  general  criteria. 
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3*1  Airport  Evaluation  -  Anchorage  International  Airport  -  ARC 

3-1.1  Structural  Evaluation  of  Pavementa 

All  of  Anchorage's  pavements  are  of  flexible  construction  and  are 
supported  by  a  sand  filter  course  up  to  two  feet  thick.  Although  subgrade 
construction  of  this  kind  is  nonplastic,  conditions  at  Anchorage  are  reported 
such  that  extensive  areas  of  the  subgrade  hold  water  and  are  susceptible  to 
frost.  Hence,  the  Airport's  operator  recommends  the  use  of  an  FAA  subgrade 
classification  no  higher  than  P6.  No  CBR  data  have  been  obtained. 

Runway  6-24,  now  10,600  feet  long,  was  extended  2,200  feet  in  1961. 

The  original  runway  construction  comprised  a  number  of  different  pavement 
cross  sections,  none  less  than  35  inches  in  total  thickness.  The  extension 
itself  was  constructed  to  this  minimum  thickness.  Most  terminal  area  and  taxi¬ 
way  pavementa  are  37  inches  thick. 

The  existing  pavement  is  in  good  condition  except  for  some  longitudinal 
sags  in  the  runway  and  taxi ways,  which  are  judged  to  be  the  results  of  frost 
action. 

Use  of  the  FAA  method  of  pavement  design  with  the  F6  aubgrade  classi¬ 
fication  results  in  a  required  flexible  pavement  thickness  for  the  DC-8  of  34 
inches;  for  the  8ST  the  requirement  is  32  inches.  Both  aircraft,  therefore, 
appear  to  be  compatible  with  Anchorage's  pavements. 

3.1.2  Requirements  for  New  Pavements 

Fillets  -  The  fillets  at  existing  pavement  intersections  on  Anchorage 
International  Airport  were  carefully  investigated.  The  geometries  of  the 
fillets  were  taken  from  plans  made  available  by  the  Airport's  operator  and 
verified,  as  constructed,  from  an  aerial  photograph. 

The  general  assumptions  and  criteria  leading  to  the  standards  adopted 
for  the  present  evaluation  may  be  found  in  Paragraph  2. 2. 2. 3  of  this  report.  The 
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specific  assumptions  made  for  the  investigation  of  the  fillets  at  Anchorage 
are  as  follows  % 

(1)  Runway  13-31  will  he  extended  as  shown  on  Plate  ANC-1  prior 

to  the  introduction  of  the  SST.  As  a  result,  its  exit  t'ociways 
would  be  used  routinely  by  the  270? . 

(2)  The  Airport's  operator  has  in  the  past  improved  the  maneuver¬ 
ability  of  intersection  fillets}  and  it  may  be  expected  that 
additional  improvements  will  be  made  from  time  to  time  in  the 
future.  Nevertheless,  the  cost  estimates  given  in  this  report 
have  been  based  upon  the  conservative  assumption  that  existing 
fillets  of  inadequate  radii  will  be  improved  solely  because  of 
the  higher  maneuvering  requiraaents  of  the  2707. 

(3)  The  terminal  apron  expansion  proposed  on  the  Airport  Master  Plan 
will  have  been  accomplished  prior  to  the  introduction  of  SST 
operations.  As  a  result,  improvements  to  the  fillets  at  the 
periphery  of  the  existing  terminal  apron  need  not  be  considered. 

In  view  of  the  foregoing,  it  is  believed  that  the  following  assessment 
of  required  fillet  modifications  is  reasonable  and  conservative. 
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PAVEMENT  FUNCTION  AND  USAGE* 


Fillets ;  by  Type  of  Intersection 


No.  of  Pavements 
Adequate  as  Nov 
Constructed 


No.  of  Pavements 
To  be  Improved 


Taxivay-taxiway 

Normal  usage  3  5 

Rare  usage  4  0 

Runvay-taxivay 

Normal  usage  8  4 

Rare  usage  9  0 

Taxiway-terminal  apron  See  Paragraph  3  above 

At  holding  aprons 

Normal  usage  2  2 

On  maintenance  area  routes 

Rare  usage  2  0 

TOTAL  number  of  fillets  investigated  28  11 

*For  definitions  of  "normal"  and  "rare"  usage,  and  for  the  operational  criteria 
associated  therewith,  see  paragraph  2. 2. 2. 3  of  this  report. 

The  total  costs  for  the  improvements  to  the  pavements  tabulated  in 
the  right  column  above  and  shown  on  Plate  ANC-1  are  attributable  to  the  2707. 
They  have  been  estimated  using  current  construction  costs,  and  the  results 
are  summarized  at  the  end  of  this  Section. 


Holding  Aprons  -  At  Anchorage  International  Airport,  there  are  three 
holding  aprons:  one  near  the  threshold  of  runway  13  c  .*  one  at  each  end  of 
runway  6-24,  the  primary  runway. 

Runway  6:  The  bolding  apron  at  the  southwest  end  of  the  primary 
runway  does  not  meet  the  criteria  stated  in  paragraph  2. 2. 2. 4.  Therefore,  the 
costs  of  paving  it  to  an  adequate  width  have  been  estimated  and  allocated  to 
the  2707.  It  should  bo  noted  that  the  north  edge  of  the  apron  (an  extension  of  the 
parallel  taxiway)  cuts  into  the  slope  of  a  hill  about  30  ft.  high,  but  that  its  vest 
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side  ha 6  beer  built  on  a  shallow  fill.  The  assumption  has  been  Bade  in  the 
present  study  that  the  apron  would  be  widened  to  the  west.  Such  a  widening 
would  incur  only  minor  costs  for  grading  work. 

Runway  24;  According  to  the  criteria  set  in  paragraph  2. 2.2.4,  the  apron 
dimensions  are  more  than  adequate. 

Runway  13:  At  the  present  time,  this  runway  is  only  5>OCO  feet  in 
length.  It  appears  extremely  unlikely  that  the  SST  would  ever  use  the  holding 
area  at  the  existing  Runway  13  threshold. 

3.1.3  Evaluation  of  Structures 

Pipes  and  Conduits  -  From  the  available  datr.  it  is  judged  that  all 
pipes  and  conduits  beneath  airfield  pavements  are  within  the  range  of  acceptable 
conditions  as  defined  in  paragraph  2.2.3  and  therefore  may  be  considered  com¬ 
patible  with  the  2?07. 

3.1.4  Terminal  Area 

Anchorage  International  Airport  is  in  the  process  of  a  complete 
revision  of  its  terminal  area.  A  hexagonal  satellite  located  southwest  of 
the  central  terminal  building  has  been  built.  This  new  satellite  is  currently 
being  served  through  the  existing  finger  pier  via  a  temporary  connection.  The 
construction  of  the  planned  new  concourse  indicated  on  Plate  ANC-2  will  provide 
the  satellite  with  a  permanent  connection  to  the  central  building. 

3. 1.4.1  Maneuvering  and  Docking  (See  Plate  ANC-2) 

For  the  Boeing  Model  2707,  it  is  anticipated  that  provisions  for 
single  forward-door  loading  only  need  initially  be  installed  at  Anchorage. 

The  three  noae-ln  positions  shown  have  been  based  on  this  premise.  The  positions 
•hown  have  been* investigated  for  feasibility  of  convenient  maneuvering,  effects 
on  the  availability  of  adjacent  gate  positions,  and  adaptability  to  existing 
gate  arrangements  and  passenger  loading  procedures. 
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3» 1.4.2  Passenger  Loading  Devices 

A  single  swinging-telascoping  loader  has  been  installed  on  the  vest 
face  of  the  nev  satellite  at  Anchorage.  This  loader  vill  mate  with  the 
forward  door  of  the  2707  with  very  little  or  no  modification. 

It  has  been  assumed  that  when  loaders  are  installed  at  the  other  two 
positions  shown  they  vill  be  of  a  design  compatible  with  the  2707. 

3. 1.4. 3  Fueling  System  Modifications 

On  the  assumption  that  all  SST  gate  positions  vill  be  at  the  hexagonal 
satellite  building,  only  the  underground  fueling  system  serving  that  particular 
facility  vas  investigated. 

The  existing  system  is  actually  two  duplicated  systems,  one  installed 
by  each  of  tvo  fuel  companies.  Each  system  is  capable  of  delivering  tvo 
different  fuel  formulations.  A  considerable  flexibility  in  aircraft  parking 
modes  has  been  provided  by  locating  the  hydrants  in  three  clusters  of  four 
each  at  each  satellite  gate  position. 

Since  it  is  anticipated  that  airlines  operating  the  88T's  would  use 
only  the  nose- in  parking  mode  at  the  satellite,  it  is  judged  that  tvo  clusters 
of  four  hydrants  each  would  be  required  per  SST  gate  position.  Accordingly, 
the  costs  per  gate  position  are  those  estimated  for  eight  nev  hydrants  and  the 
supply  laterals  required  therefor. 

3.1.5  Summary  of  Estimated  Costs 


'JS 


Item 

Estimated  Costs 

Modification  of  11  fillets: 

Full- strength  pavement  9  $8/s.y. 
Shoulder  pavement 

Revisions  to  lights  and  signs 

$14,000 

18,500 

15,000 

Widening  of  Runway  6  holding  apron: 
Full-strength  pavement  9  $8/s.y. 
Shoulder  pavement 

Revisions  to  lights 

TOTAL 

15,500 

5,000 

1,000 

1597x55 
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Estimated  Unit  Costa  Per  Gate  Position 


Fuel  system  modifications  $20,000 

The  average  unit  cost  per  gate  position  of  fuel  system  modifications 
was  obtained  by  averaging  the  individual,  costs  for  all  three  of  the  gate 
positions  determined  to  be  feasible  for  3ST  usage. 

NOTE:  PLATES  ANC-1  &  2  are  not  precisely  accurate  to  the 

latest  planning,  since  the  art  work  was  prepared  before 
the  receipt  of  latest  data.  The  differences,  however,  do 
not  affect  or  alter  the  evaluation,  and  it  was  felt  that 
correction  of  the  photo  overlays  was  not  warranted. 
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3 .  ? - Evaluation  of  Pavement. a 

Friendship  International  Airport  was  constructed  on  a  tract  of  low 
hills,  the  tops  of  which  were  used  to  fill  the  valleys.  Sands,  clays, 
gravels  and  mixtures  thereof  deposited  in  lens-like  layers  to 
depths  of  100  feet  or  more,  constitute  the  old  marine  deposits  underlying  the 
site.  During  construction,  supercompacting  equipment  located  lenses  of  soft 
material  which  were  subsequently  excavated  and  replaced  with  select  granular 
backfill.  Modified  Proctor  densities  of  about  99  per  cent  were  obtained  on 
the  compacted  subgrade. 

Except  for  concrete  inlays  in  the  terminal-area  apron,  all  of 
Baltimore's  pavements  are  flexible.  Those  placed  in  1950  during  the  period  of 
initial  construction  were  composed  of  a  5-inch  granular  base  disked  into  the 
subgrade  and  compacted  to  100  per  cent  density,  7  inches  of  bituminous  base 
placed  in  three  lifts,  and  a  surface  course  3  inches  thick.  In  1964-1965,  all 
such  pavement  was  given  a  leveling  course,  which  varied  in  thickness  from  0 
to  4  inches,  and  a  1^-inch  overlay.  Thus,  the  total  thickness  of  the  airport's 
original  pavements  varies  from  l6£  to  2o|-  inches. 

Newer  flexible  pavements  are  similar  to  those  constructed  in  1950, 
except  that  their  subbase  courses  are  10  inches  thick  and  they  have  not  been 
overlaid.  Thus,  their  total  thickness  is  20  inches. 

For  use  with  the  FAA  flexible  pavement  design  procedure,  an  FAA 
subgrade  classification  of  FI  is  recommended  by  engineers  of  the  Department  of 
Aviation.  For  use  with  the  Corps  of  Engineers  method,  a  minimal  CBR  value  of 
20  is  Judged  to  be  reasonably  conservative  by  the  Airport's  operator  and 
consultants.  Using  these  data,  it  is  found  that  the  following  pavement 
thicknesses,  in  inches,  are  required  in  critical  areas: 
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DC-fe-55  ZM. 

CBR  =  20  18.5  20 

FI  (FAA)  15  13.5 

For  purposes  of  the  study,  the  Corps  of  Engineers'  pavement  design 
method  has  been  applied.  As  a  result,  the  2707  is  the  critical  aircraft. 

Since  all  of  the  newer  pavements  are  20  inches  thick,  they  may  be 
presumed  adequate  for  the  SST. 

As  noted  above,  the  older  pavements  now  range  in  thickness  fran 
l6£  inches  to  20^-  inches,  depending  on  the  amount  of  settlement  of  the  original 
construction.  For  the  2707,  the  20^-inch  thickness  corresponds  to  the  pavement 
requirements  of  a  subgrade  having  a  CBR  value  fractionally  lower  than  20; 
while  the  l6^--inch  thickness  corresponds  to  CBR  of  26. 

It  is  logical  to  assume  that  the  recommended  minimal  CBR  value  is 
most  apt  to  reflect  the  subgrade  conditions  underlying  those  areas  of  older 
pavement  that  required  4  inches  of  leveling  courses  when  the  1^-inch  overlay 
was  placed.  Since  the  pavements  in  such  areas  are  now  20^  inches  thick,  the 
2707  would  impose  no  additional  thickness  requirements  on  the  weakest  subgrades. 

Original  pavements  that  underwent  little  or  no  settlement,  on  the 
other  hand,  may  be  presumed  to  have  stronger  subgrades.  It  is  not  unreasonable 
to  assume  that  higher  subgrade  strengths  generally  occur  in  such  areas,  in 
which  case  the  l6j-inch  thick  pavement  would  be  adequate  for  the  SST. 

The  range  of  thicknesses  between  l6£  and  20^  inches  probably  reflects 
the  range  in  values  of  subgrade  strength.  Since  the  SST  would  appear  to  be 
compatible  with  the  thickest  and  thinnest  pavement  sections,  the  conclusion  is 
that  all  areas  of  older  pavement,  as  overlaid,  are  presently  adequate. 

3.2.2  Requirements  for  Rev  Paver ents 

Fillets  -  The  fillets  at  existing  pavement  intersections  on  Friendship 
International  Airport  were  carefully  investigated.  The  geometries  of  the 
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1 1  iiets  wore  *  afcen  from  plans  Bade  available  by  ‘.he  Airport  s  opera*  or. 

The  general  assumptions  and  criteria  leading  to  the  standards  adopted 
for  the  present  evaluation  may  be  found  in  paragraph  2. 2. 2. 3  of  this  report.  The 
specific  assumptions  made  for  the  Investigation  of  the  fillets  at  Baltimore 
are  as  follows: 

0 )  If  Runways  15-33  and  10-28  were  to  remain  at  their  current 

lengths,  several  of  the  exit  taxi ways  nearest  to  their  landing 
thresholds  would  receive  little  or  no  UBe  by  the  SST.  As  plate 
BAL-1  indicates,  nowever,  both  runways  are  to  be  extended.  As 
a  result,  the  exit  taxiways  in  question  will  be  used  routinely 
by  the  SST.  The  assumption  has  Been  made  that  the  planned 
extensions  will  be  completed  prior  to  the  introduction  of  the 


(2)  The  Airport's  operator  has  from  time  to  time  in  the  past, 

in  conjunction  with  other  work,  made  improvements  to  existing 
intersection  fillets.  Presumably,  others  will  be  improved  in 
the  future.  However,  the  present  investigation  takes  into 
account  only  those  fillet  improvements  that  are  firmly  planned 
for  1967. 

(3)  As  shown  on  Plate  BAL-2,  extenaive  revisions  are  olanrei  for 
the  terminal  apron  and  its  peripheral  taxiway.  It  is  assumed 
that  these  revisions  will  have  been  accompliahed  prior  to  the 
introduction  of  the  SST;  hence,  certain  existing  fillets  need 
not  be  investigated  for  compatibility  with  the  2707 • 

In  view  of  the  foregoing,  it  la  believed  that  the  following  assessment 
of  required  fillet  modifications  is  reasonable  and  conservative. 
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Fillets;  by  Type  of  Intersection 

Tajcl  way  - 1  axiway 
Normal  usage 
Rare  usage 

Runway- taxi way 
Normal  usage 
Rare  usage 

Taxiway-terminal  apron 

At  holding  apron 
Normal  usage 

TOTAL  number  of  fillets  investigated 

Curved  Taxi ways 
Normal  usage 

♦For  definitions  of 
associated  therewith, 


No.  of  Pavements 

Adequate  as  Now  No.  of  Pavements 

Constructed  To  be  Improved 


3  5 

2  0 


12  0 

17  0 

See  paragraph  3  above. 


3  0 


37 


3 


4 

normal"  and  "rare"  usage,  and  for  the  operational  criteria 
see  paragraph  2. 2. 2. 3  of  this  report. 

The  total  costs  for  the  improvements  to  the  pavements  tabulated  in 


the  right  column  above  and  shown  on  Plate  BAL-1  are  attributable  to  the 


27u7.  They  "t  been  estimated  using  current  construction  costs,  and  the 
results  are  summarized  at  the  end  of  this  section. 


Holding  Aprons  -  At  present,  there  are  three  major  holding  aprons 
at  Friendship  International  Airport.  A  fourth  Is  being  constructed  at  the 
runway  33  threshold  in  conjunction  with  the  extension  of  that  runway.  When 
this  construction  is  completed,  there  will  be  holding  aprons  at  each  end  of 
runway  10-26  and  runway  15-33-  Each  will  require  expansion  to  be  adequate 
for  combined  S3T-747  operations.  Coat  of  this  additional  paving  has  been 
attributed  to  the  8ST. 

There  are  small  paved  areas  used  for  holding  near  the  threshold  of 
runways  4  and  33.  Another  such  area  is  located  adjacent  to  taxiway  "G,"  near 


; 
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not  be  used  by  the  supersonic  transport,  and,  therefore,  a  cost  has  not  beer. 

estimated  for  their  enlargement. 

Terminal  Area  Inlays  -  A  number  of  rigid-pavement  inlays  have  been 
constructed  in  the  terminal  area  apron  at  Friendship,  and  it  is  the  opinion  of 
the  Airport's  operator  that  they  would  be  required  at  the  SST  gate  positions. 
Accordingly,  a  cost  per  gate  position  has  been  estimated  and  included  on  the 
basis  given  in  paragraph  2. 2. 2. 6. 

5.2.3  Evaluations  of  Structures 

Bridges  and  Box  Culverts  -  Two  box  culverts  required  investigation. 
One,  a  7'-0"  x  5’-0"  reinforced-concrete  structure,  passes  beneath  runway  10-28, 
with  a  depth  of  cover  of  about  18  feet,  approximately  3,500  feet  from  the  west 
threshold.  The  other,  a  9'-0"  x  6'-6"  reinforced-concrete  structure,  passes 
beneath  taxiway  "F"  with  a  depth  of  cover  of  about  22  feet. 

For  both  structures,  it  was  found  that  the  critical  section  was  the 
mid-point  of  the  top  slao  of  tne  box.  The  calculated  stresses  induced  m 
reinforcement  and  in  concrete  were  found  to  be  below  those  allowed.  Therefore, 
it  is  anticipated  that  no  need  will  arise  for  strengthening  either  structure. 

T' ere  are  a  number  of  drainage  structures  so  located  in  the  airfield 
pavements  at  Baltimore  that  they  are  subjected  directly  to  aircraft  gear  loads. 
Each  of  the  different  types  was  investigated  to  determine  its  adequacy  for 
supporting  the  maximum  loads  of  the  2707 •  The  investigations  included  grates, 
supporting  beams,  and  footings.  All  grates  and  their  supporting  beams  would  be 
under-stressed  by  the  2707 's  imposed  live  load  with  30  per  cent  impact 
factor.  Stresses  in  footings  are  within  the  design  limits,  as  are  the  soil 
bearing  pressures. 
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Pipes  and  Conduit,  s  -  From  the  avails  ie  ia*  a  :*  is  Judge.:  ".a*  a.  ^ 
pipes  ar.J  conduits  beneath  airfield  pavements  are  within  the  range  of  acceptable 

;  conditions  as  defined  in  paragraph  2.2.3  and  therefore  may  be  considered  ccm- 

i 

I 

patible  with  the  2707- 

3.2.1*  Terminal  Area  (See  Plate  BAL-2) 

The  terminal  area  at  Friendship  International  Airport  follows  the 

| 

j  cent ral-terminal-and- finger-pier  concept.  Three  separate  buildings  connected 
i  by  pedestrian  concourses  compose  the  center  of  the  terminal  area.  Two  finger 

I 

j  piers  have  been  built,  but  not  to  their  ultimate  lengths.  Extensions  of  the 
j  two  existing  piers  suid  the  building  of  a  third  are  in  the  construction  or 
I  planning  stage.  For  the  purposes  of  the  present  study,  a  "Yr  configuration  has 
been  assumed  for  the  extension  of  the  North  Pier. 

3.2. U.1  Maneuvering  and  Docking 

Eight  SST  positions  have  been  indicated  at  BAL,  two  each  at  Finger 

i 

1  Piers  "B”  and  "C"  and  two  at  each  leg  of  Finger  Pier  "A."  Internal  parking  is 
not  feasible  owing  to  restricted  maneuvering  room  and  encroachment  or.  the 
potential  parking  positions  of  smaller  aircraft.  The  four  positions  shown  off 
the  end  of  the  piers  could  possibly  be  used  as  taxi-out  positions.  Clearance 
has  been  maintained  for  forthcoming  jumbo  Jets  or.  all  apron  taxiwrya. 

3- 2. 4. 2  Passenger  Loading  Devices 

All  enplaning  and  deplaning  of  passengers  at  Baltimore  is  presently 
by  means  of  mobile  ramps.  Currently  being  purchased  for  Installation  are  ten 
swinging  fixed-length  loaders.  Since  all  of  the  positions  shown  or.  Plate  BAL-2 
are  located  at  terainal  facilities  yet  to  be  constructed,  it  has  been  anticipated 
that  all  of  the  equipment  now  on  order  will  accommodate  the  2707. 

3 . 2 .  U . 3  Fueling  System  Modifications 

Aircraft  fueling  at  Friendship  International  Airport  is  now  performed 
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with  mobile  tenders.  The  tenders  are  operationally  flexible  and  car.  be 
furnished  in  quantities  rxf flclent  to  supply  the  270r'  needs.  Should  a 
hydrant  system  be  installed  by  the  aiilir.es  serving  Baltimore,  it  is  assumed 
that  the  initial  installation  would  be  made  compatible  with  the  demands  of 
the  supersonic  transport. 


3.2.5  SuMgary  of  Estimated  Costs 


Modification  of  5  fillets  and  4  curved  taxiways: 

Full- strength  paveaent  @  $7/s.y« 

Revisions  to  lights  and  signs 

Modification  to  4  holding  aprons 

Full-strength  pavement  §  $7/s.y. 

Total  Estimated  Costs 


E stlmated  Costs 


$11,000 

7,000 


51,000 


$69,000 


Estimated  Unit  Costs  per  Gate  Position 
Terminal  apron  inlays 


$18,000 
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3 • 3  Airport  Evaluation  -  Logan  International  Airport  -  Boston  -  BOS 

3.3.1  Structural  Evaluation  of  Pavements 

Logar.  International  Airport  ia  constructed  on  a  hydraulic  clay  fill 
having  an  FAA  soil  classification  of  E-7  or  E-S.  For  the  prevailing  conditions 
of  drainage  and  frost  penetration,  the  subgrc.de  has  been  given  an  F7  classifi¬ 
cation.  No  CBP.  data  have  been  obtained.  The  hydraulic  fill  was  placed  on  top 
of  an  organic  silt  layer.  The  Intention  was  to  have  the  fill  displace  the 
silt  and  ccute  to  rest  on  an  underlying  layer  of  firm  clay.  The  organic  silt 
was  not  fully  displaced,  however.  As  a  result,  there  have  been  settlement 
problems  at  the  airport. 

All  exis*  g  pavements  are  flexible.  Except  in  the  original  terminal 
area  where  &  10-f oot-* hick  layer  of  pit-run  gravel  wets  placed  prior  to  paving, 
the  pavements  were  constructed  directly  on  the  clay  fill.  The  typical  original 
pavement  section  comprised: 

3- inch  surface  of  asphaltic  concrete 

4- inch  penetration  macadam  base, 

8-inch  w&terbound  macadam  base, 

24-inch  gravel  sub-base 

for  a  total  thickness  of  39  inches. 

During  the  period  1959-1963>  certain  runway  settlements  were  corrected 
by  leveling  courses  and  an  overlay.  The  program  added  a  minimum  of  3  inches 
to  the  runways.  In  the  areas  of  maximum  settlement  the  total  thickness  of 
flexible  pavement  added  was  as  high  as  27  inches.  Seme  sections  of  taxiways 
that  developed  settlements  have  also  been  corrected.  Elsewhere  they  have 
received  seal  coats.  The  critical  pavement  areas  in  the  torainal  and  the 
pavements  at  aprons  and  taxiway  intersections  have  been  sealed  with  a  tar-rubber 
compound  to  enable  them  to  resist  deterioration  from  fuel  spills . 

Visual  inspection  showed  all  the  pavements  to  be  in  good  condition. 
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Same  minor  longitudinal  rutting  has  appeared  over  a  length  of  about  100  feet 
in  one  of  the  taxiways,  however. 

Logan's  pavements  were  designed  in  accordance  with  the  Equivalent 
Single  Wheel  Load  method  developed  by  the  Civil  Aeronautics  Administration  and 
retained  by  the  FAA.  For  the  design  of  critical  pavement  sections,  the  uee 
of  the  method  results  in  &  thickness  requirement  for  the  DC-8-55  of  39  inches; 
for  the  2707,  the  requirement  is  37  inches.  Since  all  flexible  pavements 
are  at  least  39  inches  thick,  the  requirements  given  above  for  both  aircraft 
are  met. 

New  terminal  apron  construction  in  the  current  expansion  program  is 
15- inch- thick  Portland  cement  concrete.  In  some  areas  it  Is  being  placed 
directly  on  old  pavements;  in  others,  on  2k  inches  of  gravel  Bub-base.  Aprons 
so  constructed  will  be  compatible  with  the  SST. 

3.3*2  Requirements  for  New  Pavements 

Fillets  -  The  fillets  at  existing  pavement  intersections  on  Logan 
International  Airport  were  carefully  investigated.  The  geometries  of  the 
fillets  were  taken  from  plane  made  available,  by  the  Airport's  operator  and 
verified,  as  constructed,  from  an  aerial  photograph. 

The  general  assumptions  and  criteria  leading  to  the  standards  adopted 
for  the  present  evaluation  may  be  found  in  paragraph  2. 2. 2. 3  of  this  report. 

The  one  specific  assumption  adopted  for  the  investigation  of  the  fillets  at 
Logan  was  that  the  terminal  apre-n  expansion  shown  on  Plates  BOS-1  and  BOS-2  will 
be  completed  prior  to  the  introduction  of  SBT  operations.  Accordingly,  the 
adequacy  of  fillets  at  the  periphery  of  tne  existing  terminal  apron  was  not 
investigated. 

There  are  relatively  few  taxiway- taxiway  irter*ections  at  Logan,  and 
most  of  the  t&xlvays  are  of  widths  greater  than  75  feet.  This  circumstance 
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tends  to  minimize  the  need  for  and  coats  of  fillet  modifications  to  accommodate 
the  2707 . 


Each  fillet  that  would  be  traversed  by  the  SST  was  Investigated 
individually.  A  total  of  44  fillets  and  three  curved  taxiways  was  studied. 

It  was  determined  that  two  fillets  would  require  Improvements. 

The  following  tabulation  presents  our  assessment,  which  is  believed 
to  be  reasonable  and  conservative,  of  the  numbers  of  fillets  requiring  improve¬ 
ments,  by  type  of  intersection  and  class  of  usage. 

PAVEMENT  FUNCTION  AND  USAGE* 


No.  of  Pavements 

Adequate  as  Now  No.  of  Pavement s 
Fillets;  by  Type  of  Intersection  Constructed  To  be  Improved 


Taxiway-taxiway 
Normal  usage 
Rare  usage 

Runway- taxiway 
Normal  usage 
Rare  usage 

Taxiway- terminal  apron 
Normal  usage 

At  holding  aprons 
Normal  usage 

TOTAL  number  of  fillets  investigated 

Curved  taxiways 
Normal  usage 

Rare  usage  (to  maintenance  area) 

*For  definitions  of  "normal"  and  "rare" 


3  0 

1  0 

13  2 

20  0 


See  above  discussion 


5  _0 

42  2 

1  0 

2  0 


usage,  and  for  the  operational  criteria 


associated  therewith,  see  paragraph  2. 2. 2. 3  of  this  report. 
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The  total  costa  for  the  improvements  to  the  pavements  tabulated  in 
the  right  column  and  shown  on  Plate  BOS-1  are  attributable  to  the  2707.  They 
have  been  estimated  using  current  construction  costs,  and  the  results  are 
summarized  at  the  end  of  this  Section. 

Holding  Aprons 

Runway  4r  -  This  apron  does  not  meet  the  criteria  of  paragraph  2. 2.2.4. 
It  is  estimated  that  a  widening  to  the  south  of  approximately  60  feet  would  be 
necessary  for  its  use  by  the  SST.  Since  the  south  edge  of  the  expanded  apron 
would  be  immediately  adjacent  to  the  existing  south  bulkhead  service  road,  it 
is  anticipated  that  the  improvement  would  require  the  relocation  of  approximately 
800  feet  of  the  service  road.  An  estimated  cost  for  such  a  relocation  (including 
the  placement  of  fill  in  the  Boston  Inner  Harbor,  riprap  slope  protection  and 
paving)  is  included  in  the  summary  at  the  end  of  this  Section,  together  with 
the  costa  estimated  for  the  apron  widening. 

Runway  15  -  The  large  paved  area  at  the  threshold  of  this  runway  is 
more  than  adequate  for  a  747  to  pass  an  SST  with  the  wings  of  the  latter  fully 
extended. 
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Runway  27  -  In  accord  with  the  criteria  established  in  paragraph 
2.2. 2.4,  apron  27  requires  widening.  The  estimated  coat  for  this  has  been 
included  in  the  summary. 

Runway  33  -  The  apron  at  the  runway  33  threshold  now  consists  of  a 
section  of  pavement  placed  for  planned  runway  9K-27L-  If  this  runway  (9R-27L) 
is  not  constructed  prior  to  the  introduction  of  the  S8T  into  service,  that 
section  of  it  which  now  serves  as  the  runway  33  holding  apron  will  require 
widening  to  meet  the  criteria  of  paragraph  2. 2. 2. 4.  Assuming  that  runway  9R-27L 
will  not  be  constructed  prior  to  inaugeration  of  88T  service,  an  appropriate 
widening  has  been  laid  cut  and  estimated  for  costs. 
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Runway  22 L  -  The  holding  apron  included  in  the  1966  Federal-aid 


airports  program  would  more  than  adequately  meet  the  maneuvering  requirements 
of  the  2707. 

3 . 3 • 3  Evaluations  of  Structures 

Bridges  and  Culverts  -  Two  storm-water  drainage  structures  were 
investigated  for  2707  loadings.  They  are  located  beneath  the  taxiways  inter¬ 
connecting  Runway  4L-22R  and  the  east  side  of  the  terminal  apron. 

A  double  3-foot  x  4-foot  reinforced-concrete  box  culvert  supported 
on  piles  carries  the  flexible  pavement  of  one  taxiway  directly.  A  check  of  the 
pile  loads  and  the  stresses  in  the  concrete  and  reinforcing  steel  shows  that 
the  structure  is  capable  of  carrying  the  2707.  The  calculated  maximum  pile 
load  is  about  24  tons,  and  the  steel  and  concret;-.  stresses  are  well  below  their 
allowable  values. 

A  pile-supported,  concrete-bedded,  84-inch  diameter  concrete  pipe 
culvert  carries  storm-water  runoff  beneath  the  south  taxi way.  The  minimum 
cover  on  the  section  of  the  pipe  subjected  to  aircraft  loadings  is  about  5-5 
feet.  Pipe  of  the  lowest  strength  (Class  I)  and  having  a  Class  A  bedding 
condition  was  assumed  for  the  investigation.  According  to  the  standard  design 
specifications  used  in  the  investigation,  the  pipe  Itself  and  its  bedding  are 
more  than  adequate  to  sustain  2707  live  loads,  which  are  at  most  only  5  per 
cent  in  excess  of  those  imposed  by  the  DC-8-55*  The  adequacy  of  the  piles 
could  be  considered  questionable  for  both  the  DC -8-55  and  the  2707* 

The  culvert  and  its  foundations  have  performed  satisfactorily  undar 
traffic  that  includes  heavily-loaded  DC-8's.  This  is  sn  indication  that,  fo* 
g  the  set  of  conditions  unique  to  this  structure,  the  standard  design  specifications 
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may  be  unnecessarily  conservative.  Since  anticipated  loads  only  5  per  cent 
greater  than  those  now  being  borne  without  evidence  of  distress  would  not 
warrant  the  strengthening  of  existing  pile  supports,  no  costs  have  been  attri¬ 
buted  to  the.  2? 07  for  modifications  to  the  64-inch  pipe  culvert. 

Pipes  and  Conduits  -  From  the  available  data  it  is  judged  that  all 
pipes  and  conduits  beneath  airfield  pavements  are  within  the  range  of  acceptable 
conditions  as  defined  in  paragraph  2.2.3  and  therefore  may  be  considered  com¬ 
patible  with  the  2707. 

3.3*4  Terminal  Area  (See  Plate  BOS-2) 

Logan's  current  expansion  program  will  substantially  increase  the 
number  of  gate  positions.  The  four  new  terminal  buildings  for  the  expansion 
and  development  of  second-level  passenger-loading  facilities  on  each  of  the 
four  existing  piers  will  be  completed  by  2707  operational  date.  An  additional 
terminal  building  -  the  Northwest  -  v^ll  be  undertaken  about  10  years  from  now. 
The  ultimate  terminal  area  plan  will  comprise  seven  finger  piers  with  end 
satellites,  the  four  unit  terminals,  and  the  two  existing  curved  concourses. 

3. 3*4.1  Maneuvering  and  Docking 

The  four  existing  piers  and  their  satellites  form  a  "T"-shape.  The 
shapes  of  the  satellites  planned  for  the  future  finger  piers  may  not  necessarily 
conform  to  those  shown.  Aircraft  parking  positions  will  be  located  at  fiiger 
plerts,  satellites,  and  curved  concourses. 

The  following  numbers  of  88T  gate  positions  are  feasible  as  shown  on 

Flat*  B08U2. 

2  each  at  Piers  *B,”  "C,M  and  HD" 

4  at  pier  **" 

3  at  the  future  satellite  on  the  southwest  terminsl  pier 

3  at  the  future  satellites  on  the  northwest  terminal  piers 

A  total  of  16  parked  SST's  has  been  shown  at  the  cuter  gate  positions 
of  the  existing  and  future  piers.  The  positions  shown  at  the  existing  **T"-piers 
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have  been  investigated  on  the  basis  of  their  anticipated  future  development. 

It  can  be  demonstrated  that  interior  positions  are  also  feasible.  All  passages 
have  allowed  clearance  for  the  forthcoming  jumbo  jets. 

3 . 3 . 4 . 2  Passenger  Loading  Devices 

Planning  for  second-level  loading  is  still  in  process.  If  maneuvering 
clearances  and  sill-heights  of  future  aircraft  are  considered  in  the  selection 
of  loading  equipment,  the  2707  gate  positions  shown  can  be  readily  adapted  for 
simultaneous  two-door  passenger  loading  by  proper  location  of  telescoping 

loaders . 

No  costs  are  deemed  chargeable  to  the  SST  for  the  adaptation  of  as-yet 
unselected  passenger  loading  devices. 

3 - 3* ^ • 3  Fuel  System  Modifications 

Aircraft  fueling  is  now  performed  with  mobile  tenders.  The  tenders 
are  operationally  flexible  and  can  be  furnished  in  quantities  sufficient  to 
supply  the  2707.  Should  a  hydrant  system  be  installed  by  the  carriers  at  Boston, 
it  is  assumed  that  the  initial  installation  would  be  made  compatible  with  the 
2707. 

3,3.5  Summary  of  Estimated  Coats 


Item  Estimated  Cost 


Modifications  to  4  fillets: 

Full-strength  pavement  §  $9/s.y.  4,100 
Shoulder  pavement  2,700 
Revisions  to  lights  and  signs  3,000 

Widening  of  Runway  33  holding  apron: 

Full-strength  pavement  0  $9/s.y,  19,000 
Shoulder  pavement  5,000 
Revisions  to  lights  2,000 

Widening  of  Runway  4r  holding  apron: 

Full-strength  pavement  •  $9/s.y.  34,000 
Shoulder  pavement  7,000 
Reviaiona  to  lights  3,000 
Relocate  roadway'  50,000 
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3 . 4  Airport  Evaluation  -  Washington  -  PulleB  International  Airport  -  DIA 

3.4.1  Structural  Evaluations  of  Pavements 

All  pavements  at  Dulles  International  Airport  are  concrete.  Designed 
for  aircraft  of  500,000-pound  gross  weight,  they  are  15  inches  thick  on  taxi  ways, 
aprons,  the  critical  sections  of  runways,  and  the  central  100  feet  of  the  non- 
critical  sections  of  runways.  The  outer  25-foot  strips  of  the  noncritical 
sections  of  the  runways  are  12  inches  thick. 

Engineers  of  the  Bureau  of  National  Capital  Airports  recommend  the 
use  of  a  modulus  of  subgrade  reaction  of  k  -  260  and  maximum  allowable  flex' iral 
stresses  of  500  pounds  per  square  inch  for  the  15-inch  thick  pavements  and 
680  pounds  per  square  inch  for  the  12-inch  thick  pavements.  The  calculated 
stresses  that  would  he  induced  by  the  2707  are  6l  per  cent  of  the  allowable 
for  both  the  15-inch  and  the  12-inch  pavements. 

From  the  foregoing,  it  ia  easily  appreciated  that  the  2707  would  have 
no  problems  of  compatibility  with  the  Dulles  pavements. 

3.4.2  Requirements  for  New  Pavements 

Fillets  -  The  fillets  at  existing  pavement  intersections  on  Dulles 
International  Airport  were  carefully  investigated.  The  geometries  of  the  filletB 
were  taken  from  plans  made  available  by  the  Airport’s  operator  and  verified, 
as  constructed,  from  an  aerial  photograph. 

The  general  assumptions  and  criteria  leading  to  the  standards  adopted 
for  the  present  evaluation  may  be  found  in  paragraph  2. 2. 2. 3  of  this  report.  The 
specific  assumptions  made  for  the  investigation  of  the  fillets  at  Dulles  are  as 
follows : 

(l)  Turns  of  180°  between  parallel  taxiways  are  rarely  made. 

Furthermore,  consecutive  90°  turns  made  in  opposite  directions 
between  two  such  taxiways  are  rarely  made. 
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(2)  Certain  cross -taxiway t  in  the  vicinity  of  the  terminal  apron 
between  the  parallel  taxi ways  are  intended  for  future  terminal 
expansion  and  are  rarely  turned. 

(3)  Under  usual  operating  conditions,  takeoffs  are  free  1L  and 
landings  are  made  on  IB  when  operations  are  to  the  north. 

When  the  direction  of  operations  is  reversed,  takeoffs  are  from 
19L  and  landings  are  made  on  19R<  Nevertheless,  we  have  assumed 
that  arrivals  and  departures  will  he  made  in  each  direction  on 
both  runways.  This  conservative  approach,  which  preserves 
flexibility  in  operations,  approximately  doubles  the  cost 
attributable  to  the  SST  for  fillet  modification. 

A  total  of  134  fillets  and  1  curved  taxiway  was  studied.  It  waB 
determined  that  17  fillets  would  require  improvements  if  the  criteria  stated 
in  paragraph  2. 2. 2. 3  are  to  be  observed  at  Dulles.  The  curved  taxiway  was  found 
to  be  adequate. 

The  following  tabulation  presents  our  assessment,  which  is  believed 
to  be  reasonable  and  conservative,  of  the  numbers  of  fillets  requiring  improve¬ 
ments,  by  type  of  intersection  and  class  of  usage. 
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PAVEMENT  FUNCTION  AND  USAGE* 

No.  of  Pavements 
Adequate  as  Now 


Fillets;  by  Type  of  Intersection  Constructed 


Taxiway- taxiway 

Normal  usage  14 

Hare  usage  64 

Runway- taxi way 

Normal  usage  18 

Hare  usage  8 


No.  of  Pavements 
To  be  Improved 


14 

0 


0 

0 


Taxiway-terminal  apron 

Normal  usage  4  3 

Rare  usage  4  0 

At  holding  aprons 

Normal  usage  3  0 

Rare  usage  2  0 

TOTAL  number  of  fillets  investigated  117  17 

Curved  taxiways 

Normal  usage  1  0 


♦For  definitions  of  "normal"  and  "rare"  usage,  and  for  the  operational  criteria 
associated  therewith,  see  paragraph  2. 2. 2. 3  of  this  report. 

The  total  costs  for  the  improvements  to  the  pavements  tabulated  in 
the  right  column  above  and  shown  on  Plate  DIA-1  are  attributable  to  the 


2707.  They  have  been  estimated  using  current  construction  costs,  and  the 
results  are  summarized  at  the  end  of  this  Section. 


Holding  Aprons  -  The  holding  apron  serving  runways  1L  and  30  is 
adequate  by  the  criteria  outlined  in  paragraph  2. 2. 2. 4  of  this  report.  The  19L 
apron  will  require  widening.  The  cost  of  this  widening  is  attributable  to  the  S8T 
and  is  Included  in  the  cost  estimate. 

3.4.3  Evaluations  of  Structures 

Pipes  and  Conduits  -  From  the  available  data  it  is  judged  that  all 
pipes  and  conduits  beneath  airfield  pavements  are  within  the  range  of  acceptable 
conditions  as  defined  in  paragraph  2.2.3  end  therefore  may  be  considered  com¬ 
patible  with  the  2707. 
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3-4.4  Terminal  Area  ( Sendee  Apron)  See  HATE  DIA-2 

Dulles  International  is  so  designed  that  large  airline  aircraft  are 
not  taxied  to  the  terminal  building.  All  routine  ground  servicing,  as  well  as 
the  enplaning  and  deplaning  of  passengers,  is  carried  out  on  a  long,  rectangular 
aircraft  service  apron  located  between  the  parallel  runways  at  a  distance  from 
the  terminal  building  of  approximately  2,000  feet.  Passengers  are  carried  from 
the  terminal  to  the  apron  by  mobile  lounges.  The  service  apron  is  divided  in 
half  longitudinally  by  a  row  of  narrow  apron  operations  buildings  from  which 
planes  are  serviced. 

3. 4.4.1  Maneuvering  and  Docking 

The  distance  between  the  apron  operations  building-line  and  the  edge 
of  apron  pavement  is  350  feet.  A  minimum  clearance  of  25  feet  between  the 
parked  2707  and  the  building-line  was  maintained  in  the  present  study.  A 
2707  taxiing  past  a  parallel-parked  2707  (both  with  wings  fully  extended)  can 
do  so  while  maintaining  the  same  minimum  clearance  wingtip-to-wingtip. 

Four  2707' s  are  shown  in  typical  parallel  parking  positions. 

It  should  be  pointed  out  that  even  though  the  airport  will  accommodate 
the  2707  satisfactorily, other  considerations  are  in  evidence  when  the  apron  is 
used  in  conjunction  with  other  large  aircraft  with  greater  wing  span  than  the 
2707. 

If  a  2707  passes  a  parked  747  "Jumbo"  Jet  on  the  apron,  approximately 
17  feet  of  additional  apron  width  is  needed.  If  a  "Jumbo"  Jet  passes  a  2707, 

7  additional  feet  of  width  is  needed.  (These  are  assuming  a  25-foot  wing  tip 
clearance,  and  a  20-foot  wheel  strut  to  pavement  edge  clearance). 

Passing  "Jumbo"  Jets  are  not  within  the  scope  of  this  document,  however, 
consideration  should  be  given  to  this  situation  when  widening  or  adding  new 
aprons  in  the  future.  (Approximately  32  feet  of  additional  width  would  be 
needed. ) 
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Using  the  parking  positions  shown,  three  advantages  are  realized: 

(1)  The  clear  areas  at  those  particular  positions  allow  more 
clearance  to  taxi  in,  than  those  positions  in  front  of  another 
airplane . 

(2)  The  open  areas  behind  the  positions  allow  more  space  for  the 
more  severe  exhaust  blast  of  the  S8T. 

(3)  Passing  can  be  avoided  by  proper  taxi  routing  in  cases  where 
the  7^7  "jumbo"  Jets  are  involved  and  first  in  -  first  out 
practices  cannot  be  used. 

3. 4. 4. 2  Passenger  Loading  Devices 

Dulles  International  Airport's  method  of  passenger  loading,  which 
brings  the  passengers  to  the  aircraft  rather  than  the  aircraft  to  the  terminal, 
is  readily  adaptable  to  the  2707.  The  only  requirement  for  compatibility  is 
that  the  mobile  lounge  be  able  to  mate  with  the  2707. 

Sill  heights  for  the  2707  doors  are  15  feet.  As  presently  modified 
for  the  DC-8-55,  the  Dulles  mobile  lounge  will  not  be  able  to  reach  the  doors 
of  the  2707  without  some  manner  of  adaptation. 

There  are  three  reasons  for  regarding  this  shortcoming  not  charged 
as  a  cost  item  at  this  time: 

(1)  As  the  lounges  placed  in  service  in  1962  reach  the  end  of  their 
service  life,  and  as  the  initial  fleet  becomes  inadequate  to 
cope  with  traffic  volumes,  new  ones  will  be  ordered.  The 
additional  capability  required  oould  be  built  Into  them  at 
slight  cost. 

(2)  Simple  modifications,  such  as  the  addition  of  a  few  steps  at 
the  end  of  the  walkway,  or  a are  basic  changes  to  (or  replacement 


of)  the  walkway' a  elevating  mechanism,  Mold  be  mads  to  a 


sufficient  number  of  the  lounges  now  operating  to  service  SST 
operations . 


(3)  The  current  model  of  the  lounge  could  be  used  in  conjunction 

with  mobile  ramps  having  the  required  capability.  It  is  standard 
practice  now  with  some  of  the  airlines  serving  Dulles  to  place 
a  mobile  rsmp  at  the  aircraft  door,  and  then  to  dock  the  mobile 
lounge  at  the  rsmp.  When  the  lounge  departs  for  the  terminal 
building,  the  ramp  remains  in  place  for  the  use  of  airline 
personnel. 

For  the  above  reasons,  we  judge  that  compatibility  of  the  2707  and 
the  passenger  loading  system  will  be  realized  and  that  the  cost,  thereof  will 
be  limited. 

3.4.4. 3  Fueling  System  Modifications 

The  aircraft  service  aprons  at  Dulles  International  are  served  by 
a  bydrant  fueling  system.  In  the  parking  area,  fuel  is  supplied  by  two  8-inch, 
two  12-inch,  and  one  lU-inch  header  mains.  Each  gate  position  has  two  fuels 
available;  consequently,  there  are  four  hydrant  valves,  two  per  fuel,  located 
in  pairs  in  manholes  below  the  pavement. 

The  hydrants  and  lateral  fuel  pipes  may  not  be  of  sufficient  site 
to  meet  the  2707's  fueling  requirements .  Hence,  the  cost  of  an  assumed  modi¬ 
fication  typical  for  the  Dulles  fueling  layout  is  included  in  the  summary  of 
costs  at  the  end  of  this  Section.  This  coat  includes  the  installation  of 
four  hydrants  and  two  lateral  lines  per  2707  position. 

3.4.5  ft  wary  of  Estimated  Costs 


Modifications  to  17  fillets: 
Pull-strength  pavement  0  $15/s.y. 
Shoulder  pavement 
Revisions  to  lights  and  signs 

Widening  of  runway  19L  holding  apron 
Full-strength  pavement  0  $15/s.y. 
Revisions  to  lights 

Total  Estimated  Cost 

Estimated  Unit  Costs  Per  Gate  Position 

Fuel  system  modifications 
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3.5  Airport  Evaluation  -  Detroit  Metropolitan  Wayne  County  Airport  -  DTW 

3.5.1  Structural  Evaluation  of  Pavement g 

All  pavements  at  Detroit  are  rigid)  and  in  excellent  condition.  The 
runways  comprise  13-inch-thick  slabs  at  the  critical  end-of-runway  sections 

and  11-inch-thick  slabs  In  the  noncritical  interior  sections.  Taxi ways  and 

/ 

aprons  are  12  inches  thick.  The  subgrade  modulus  recommended  for  slab  design 
and  analysis  is  K  *  200.  The  maxisum  allowable  concrete  flexural  stress  is 
350  pounds  per  square  inch. 

When  operated  on  any  of  these  pavements  at  their  maximum  weights, 
both  the  DC-8-55  and  the  2707  Induce  flexural  stresses  greater  than  the 
allowable.  However,  the  DC-8-55  Imposes  slightly  greater  flexural  stresses 
in  each  case.  Therefore,  no  pavement  strengthening  costs  are  attrlbutsble  to 
the  SST  at  Detroit. 

Since  the  pavements  are  apparently  unaffected  by  aircraft 
operating  there  today,  than  Is  non*  seen  to  anticipate  that  operation  of  the 
2707  at  Detroit  would  adversely  affect  existing  pavements. 

3.5.2  Requirements  for  Mew  Pavements 

Fillets  -  The  fillets  at  existing  pavement  intersections  on  Detroit 
Metropolitan  Wayne  County  Airport  were  carefully  investigated.  The  geometries 
of  the  fillets  were  taken  from  plans  made  available  by  the  Airport* s  operator 
and  verified,  as  constructed,  from  an  aerial  photograph. 

The  general  assumptions  and  criteria  leading  to  the  standards  adopted 
for  the  present  evaluation  may  bs  found  in  paragraph  2.2.2. 3  of  this  report. 

If  runways  3R-21L  and  9-2 7  vers  to  remain  at  their  current  lengths, 
several  of  the  exit  taxiways  nearest  to  their  landing  thresholds  would  receive 
little  or  no  use  by  the  88?.  As  Plats  DIW-1  indicates,  however,  both  runways 
are  to  be  extended.  As  a  result,  the  exit  taxiways  in  question  will  be  used 
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routinely  by  the  S8T.  The  assumption  has  been  made  that  the  planned  extensions 
will  be  completed  prior  to  the  introduction  of  the  88T. 

At  Detroit^  all  existing  runways  are  200  feet  vide,  a  circumstance 
that  minimizes  the  need  for  and  costs  of  fillet  modifications  to  accommodate 
the  2707. 

A  total  of  73  fillets  and  two  curved  taxi ways  was  studied.  Eleven 
fillets,  according  to  the  airport's  operator,  are  scheduled  for  removal  or 
improvement  prior  to  the  anticipated  time  of  initial  88T  operations. 

It  was  determined  that  eleven  fillets  and  two  curved  taxi  ways  would 
require  improvements  if  the  criteria  stated  in  parag-aph  2. 2. 2. 3  are  to  be 
observed  at  Detroit.  All  costs  associated  with  such  modifications  have  been 
estimated  and  charged  to  the  use  of  the  airport  by  the  2707 . 

The  following  tabulation  presents  our  assessment,  which  is  believed 
to  be  reasonable  and  conservative,  of  the  numbers  of  fillets  requiring  improve¬ 
ments,  by  type  of  intersection  and  class  of  usage. 

PAVEMENT  FUNCTION  AND  USAGE* 


Fillets;  by  Type  of  Intersection 


No.  of  Pavements 

Adequate  as  now  No.  of  Pavements 

Constructed  To  be  Improved 


Taxi  way- taxi way 

I<or*al  usage  7  10 

Rare  usage  3  0 

Runway- taxiwty 

oiormal  usage  12  1 

Rare  usage  21  0 

Tajdway- terminal  apron 

Normal  usage  11  0 

On  maintenance  area  routes 

Rare  usage  3  0 

TOTAL  number  of  fillets  Investigated  62  11 

Curved  taxivays 

0  Nerval  usage  0  2 

1  •tor  definitions  of  "normal"  and  "rare"  usage,  and  for  the  operational  criteria 
o  associated  therewith,  aee  paragraph  2. 2. 2. 3  of  this  report. 
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The  total  costs  for  the  improvements  to  pavements  tabulated  in  the 
right  column  above  and  shown  on  Plate  DTW-2  are  attributable  to  the  2707* 

They  have  been  estimated  using  current  construction  costs,  and  the  results 
are  summarized  at  the  end  of  this  section. 

Holding  Aprons  -  There  are  holding  aprons  at  each  threshold  of  runway 
3L-21R,  the  instrument  runway  at  Detroit.  Each  is  connected  to  the  runway  by 
a  75-foot-wide  curved  taxiway.  The  taxiway  curvatures  are  too  severe  for  the 
SST.  The  costs  of  suitable  widenings  have  been  estimated  and  included  in  the 
summary  of  costs  for  fillet  modifications. 

Runway  3L  -  This  apron  will  require  modification  to  meet  the  require- 
rents  outlined  in  paragraph  2. 2. 2. 4.  A  widening  will  suffice  and  the  cost  of 
such  an  improvement  has  been  charged  against  the  SST. 

Runway  21R  -  Immediately  adjacent  to  the  terminal  apron,  this  holding 
apron  has  the  same  dimensions  as  apron  3I<  at  the  apposite  threshold.  A 
widening  could  interfere  with  parking  at  the  new  United  Air  Lines  satellite  as 
„ell  as  at  a  proposed  satellite  on  finger  "G,"  which  is  expected  to  be  built 
in  the  near  future.  The  exact  location  and  configuration  of  the  finger  "G" 
construction  is  unknown  at  this  time.  It  is  believed,  however,  that  the 
terminal  apron  will  he  extedned  into  the  employees  parking  lot  and  will  abut 
the  existing  holding  apron. 

Inasmuch  as  this  apron  (21R)  is  adjacent  to  the  terminal  apron  and 
widening  tc  meet  the  requirements  of  paragraph  2. 2. 2. 4  is  not  possible  without 
interfering  with  other  functioning  pavements,  this  apron  must  be  considered  not 
suited  for  SST  use  and,  therefore,  no  subsequent  costs  are  subscribed  to 
the  SST. 
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3.5.3 


Evaluations  of  Structures 


3^ 


Bridges  -  About  2,300  feet  from  the  theshold  of  runway  3L,  there  is 
a  simple-span  bridge  over  a  storm-water  drain.  It  was  designed  in  accordance 
with  the  1953  Edition  of  the  Standard  Specifications  for  Highway  Bridges  of 
the  American  Association  of  State  Highway  Officials.  The  sections  supporting 
runway  3L-21R  and  its  parallel  taxiway  were  designed  for  the  DC-8  at  300,000 
pounds  gross  weight.  These  sections  are  300  feet  wide  and  125  feet  wide, 
respectively. 

The  bridge  has  a  clear  opening  of  21  feet  end  a  distance  center-to- 
center  of  bearings  of  23  feet.  The  affected  superstructure  sections  are 
concrete  slabs  encasing  longitudinal  wide-flange  steel  sections  of  10-inch 
nominal  depth  weighing  112  pounds  per  lineal  feet  (10  WF  112) .  These  stringers 
which  axe  spaced  at  18  inches  on  centers,  have  a  bottom  cover  of  3  inches. 

The  crowned  slab  itself  is  a  minimum  of  18  inches  thick.  In  the  transverse 
direction,  the  slab  is  lightly  reinforced  with  #4  '  -urs  @  18"  o.c. 

The  superstructure  was  designed  for  the  DC-8,  with  a  load  of  150,000 
pounds  on  the  four  tires  of  each  truck.  Rolling  impact  was  not  considered. 

The  four  tires  in  one  truck  of  the  2707  impose  a  load  of  163,700  pounds  - 
9  per  cent  greater  than  that  of  the  DC-8.  However,  the  greater  width  -  37  inches 
-  of  the  2707' a  truck  gives  a  greater  distribution  of  loads  than  does  the 
30-inch  wide  truck  of  the  DC-8. 

The  form  of  construction  employed  for  the  bridge  is  such  as  to 
require  that  a  number  of  unverifiable  assumptions  be  made  in  any  theoretical 
analysis  of  its  capacity  to  support  heavy  concentrated  loads.  In  view  of  the 
similarity  of  the  critical  loading  conditions  Imposed  by  the  DC-8  and  the 
2707,  however,  a  precise  analysis  of  the  structure  is  considered  unnecessary 
for  the  purposes  of  the  present  studies.  On  the  basis  of  the  satisfactory 
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performance  of  the  structure  to  date,  it  is  our  conclusion  that  the  structure 
is  adequately  safe  for  the  DC-8-55*  On  the  basis  of  the  better  load-distributing 
characteristics  of  the  2707 's  main-gear  trucks,  we  conclude  that  it  will  be 
equally  safe  and  therefore  compatible. 

Pipes  and  Conduits  -  From  the  available  data  it  is  judged  that  all 
pipes  and  conduits  beneath  airfield  pavements  are  within  the  range  of  acceptable 
conditions  as  defined  in  paragraph  2.2.3  and  therefore  may  be  considered 
compatible  with  the  2707* 

3.5.4  Terminal  Area  (See  Plate  OTW-2) 


The  layout  of  Detroit's  passenger  terminal  employs  a  modification  of 
the  unit-terminal  concept.  When  the  current  expansion  is  complete,  passengers 
will  be  processed  in  two  separate  terminal  buildings  located  near  the  ends  of 
a  linear  building  arrangement.  The  two  terminals  and  the  central  services 
building  between  them  will  be  connected  by  a  passenger  concourse  from  which 
four  of  the  six  loading  fingers  will  extend.  (A  seventh  finger,  which  is  shown 
on  the  master  plan  of  the  terminal  area,  would  also  extend  from  the  linear 
concourse.) 

3. 5.4.1  Maneuvering  and  Docking 

Studies  of  the  six  existing  fingers  and  of  the  proposed  modifications 
indicate  that  the  canted  and  parallel  modes  of  parking  would  be  preferable  to 
the  nose-in*  where  the  2707  is  concerned. 


The  results  of  the  parking  studies  showed  that  finger  piers  "A,"  "B," 


C,  D,  and  F  would  accommodate  the  2707.  Finger  pier  E,  constructed  for 
the  local-service  airlines,  was  not  studied  for  use  by  the  2707.  Maneuvering 
and  docking  studies  for  finger  pier  ”G"  were  not  made  because  of  the  tentative 
status  of  future  plans  for  it. 

Eleven  SST  parking  positions  have  been  indicated  on  Plate  DTW-2. 
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Two  positions  may  be  occupied  simultaneously  at  finger  piers  "A,"  "B , "  "D," 
and  "F,"  and  three  at  finger  pier  "C."  The  particular  arrangements  selected 
have  been  investigated  for  feasibility  of  convenient  maneuvering,  effects  on 
the  availability  of  adjacent  gate  positions,  and  adaptability  to  existing  gate 
arrangements  and  loading  procedures.  Clearances  have  been  maintained  for  Jumbo 
Jets  on  all  apron  taxiways  where  possible. 

3. 5. 4. 2  Passenger  Loading  Devices 

A  variety  of  passenger-loading  devices  are  in  use,  with  swinging- 
telescoping  bridges  in  the  majority. 

Four  swinging-telescoping  bridges  now  installed  on  the  satellite  at 
the  end  of  finger  pier  "A”  could  be  suitably  modified  to  enable  them  to  serve 
the  two  2707  parking  positions  indicated  at  that  location  on  Plate  ETW-2. 

Finger  pier  "B"  is  configured  similar  to  "A,”  and  the  same  modifi¬ 
cations  have  been  assumed  for  the  two  2707  positions  shown  there. 

The  two  north  positions  for  finger  pier  "C"  would  require  two  new 
loaders  each.  For  the  southerly  position  shown,  one  existing  loader  could  be 
modified  vertically,  and  one  new  swinging-telescoping  loader  would  be  required. 

The  end  position  indicated  at  pier  "D"  could  be  served  if  one  existing 
loader  were  modified  appropriately  for  second-door  loading.  For  forward-door 
loading  at  this  position,  a  short  loader  now  tentatively  planned  would  probably 
have  to  be  replaced.  The  remaining  position  would  require  one  new  swinging- 
telescoping  loader  for  the  second  door  and  a  vertical  adjustment  to  an  existing 
loader  to  serve  the  forward  door. 

At  finger  pier  four  rwinglng-telescoping  loaders  would  be 
required  to  service  the  two  2'T37  parking  positions  shown  on  Plate  OTW-2.  The 
existing  nose-loaders  will  not  accommodate  the  8 ST  and  modification  does  not 
appear  practical.  They  could  possibly  be  relocated  and  used  elsewhere,  however. 
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All  of  the  suggested  modifications  to  the  presently-planned  loading 
facilities  lould  result  in  equipment  that  could  be  used  equally  as  veil  with 
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subsonic  jet  aircraft  as  vith  the  2707 • 

3. 5.4.3  Fueling  System  Modifications 

With  the  exception  of  United  Air  Lines,  the  airlines  serving  Detroit 
presently  fuel  by  tenders. 

United  hae  an  underground  fueling  system  at  finger  pier  "F."  The 
parking  arrangement  indicated  on  Plate  DTW-2  vould  require  the  installation 
of  two  new  hydrants  at  each  of  the  two  gate  positions.  The  estimated  costs  of 
additional  hydrants  and  stubs  are  attributable  to  the  SST. 

3.5.5  Summary  of  Estimated  Costs 


Item  Estimated  Cost 


Modification  of  11  fillets  and  2  curved  taxivays 

Full-strength  pavement  §  $12/s.y.  51,000 

Shoulder  pavement  12,000 

Revisions  to  lights  and  signs  21,000 

Widening  of  Runway  3L  holding  apron: 

Full-strength  pavement  •  $12/s.y.  46,500 

Revisions  to  lights  2,000 


Total  Estimated  Coats  132,500 

Estimated  Unit  Coats  Per  Gate  Position 

Passenger  loading  devices  50,000 

Fuel  system  modifications  8,000 


Of  the  eleven  gate  positions  determined  to  be  feasible  for  2707  usage, 
all  were  considered  In  estimating  the  average  unit  cost  quoted  above  for 
passenger- loading  devices.  The  average  unit  cost  per  gate  position  of  fuel 
system  modifications  was  obtained  by  averaging  the  individual  costs  for  the 
two  88T  parking  positions  where  un  underground  fueling  system  now  exists. 
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3.6  Airport  Evaluation  -  Honolulu  International  Airport  -  HNL 

3.6.1  Structural  Evaluation  of  Pavement a 

We  have  been  advised  by  both  the  Hawaiian  Department  of  Transportation 
and  the  Air  Force  that,  owing  to  the  highly  directional  prevailing  winds  at 
this  airport,  over  ninety-five  per  cent  of  all  operations  are  conducted  on 
Runway  8-26.  Therefore,  the  other  runways  on  the  airport  have  been  omitted 
from  this  SST  compatibility  study. 

Both  flexible  and  rigid  pavements  are  in  use  at  Honolulu.  Rigid 
pavements  in  the  parking  areas  adjacent  to  the  terminal  are  12  inches  thick 
with  6  to  24  inches  of  compacted  coral  base.  At  the  Hickam  AFB  end  of  the  field, 
the  critical  pavement  portion  of  runway  8-26  is  15-inch  concrete  over  a  6-inch 
coral  gravel  base  course.  The  allowable  concrete  stress  is  unknown.  Flexible 
pavements  vary  in  thickness  from  24  to  75.5  inches. 

All  flexible  pavements  are  constructed  of  a  bituminous  concrete  sur¬ 
face  course,  a  crushed  coral  base,  and  where  required,  a  coral  sub-base. 

The  existing  soil  conditions  are  rather  complex.  The  terminal  area 
subgrade  consists  of  consolidated  alluvium  and  volcanic  tuff  over  coral  rock 
at  shallow  to  moderate  depths.  The  eastern  portion  of  the  airport  has  a  subgrade 
of  interbedded  consolidated  fine  sand  and  soft,  silty  clay.  The  western  portion 
of  the  airport  and  the  adjacent  Hickam  Field  Air  Force  Base  are  in  an  old  swamp 
area  of  consolidated  soft,  silty  clay  and  black  mud.  The  latter  two  areas 
were  filled  with  materials  of  varying  characteristics  dredged  from  Pearl  Harbor. 
The  dredged  material  was  in  turn  covered  by  a  pumped  coral  fill. 

As  may  be  inferred  from  the  foregoing,  the  subgrade  conditions  are 
extremely  variable,  ranging  from  poor  to  excellent. 

The  sub-base  rating  for  the  concrete  pavement  in  the  terminal  area  is 
considered  as  probably  equivalent  to  at  least  k  ■  400  based  on  a  subgrade 
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rating  of  k  *  170  under  a  24-inch  thick  base.  The  base  for  the  concrete  pavement 
on  Runway  8-26  in  Hickam  Air  Force  Base  is  rated  by  the  Corps  of  Engineers  as 
k  *  300. 

Minimum  subgrade  CBR  values  from  limited  test  data  range  from  3  to 
7  in  the  airfield  areas.  No  data  are  available  for  the  terminal  area. 

The  entire  runway  area  has  been  given  an  FAA  Classification  of  F9 
based  on  an  E-12  soil. 

Rigid  Pavements  -  In  the  apron  area,  the  2707  would  induce 
flexural  stresses  about  6  per  cent  greater  than  the  specified  allowable  330 
pound  per  square  inch.  However,  the  fully-loaded  DC-8-35,  which  induces 
stresses  13  per  cent  above  the  allowable,  is  the  more  critical  aircraft.  Both 
are  judged  compatible  with  the  existing  pavement. 

A  maximum  allowable  stress  has  not  been  specified  for  the  pavement 
at  the  west  end  of  Runway  8-26.  However,  it  is  judged  that  both  the  2707  and 
the  DC-8-35  are  compatible  with  this  pavement. 

Flexible  Payments  -  Apron  and  taxiway  flexible  pavements  constructed 
in  the  terminal  area  are  24  inches  thick  and  are  giving  good  service  under 
DC-8  and  other  heavy  jet  traffic.  They  were  designed  on  the  basis  of  6o, 000- 
pound  equivalent  tingle  wheel  load. 

The  24-inch  pavement  section  with  the  DC-8  loading  of  326,000  pounds 
requires  a  subgrade  CBR  of  lU.?.,  In  view  of  the  observed  performance  of  such 
pavements  under  heavy  loads,  this  value  is  judged  to  be  representative  of  the 
actual  minimum  subgrade  strength.  For  a  CBR  of  14. 3,  the  required  pavement 
thickness  for  the  Boeing  88T  is  26  Inches,  or  2  Inches  more  than  the  existing 
thickness.  The  apron  and  taxi ways,  however,  are  scheduled  for  a  3-inch  overlay 
in  1967  -  1968.  These  pavements,  therefore,  are  considered  to  be  compatible 
with  the  2707- 
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Taxi  way  A  between  Hickam  Air  Force  Base  and  taxiway  D  has  a  minimum 
pavement  thickness  of  24  inches.  In  areas  of  soft  clay  or  muck,  the  pavement 
has  been  placed  on  a  minimum  of  48  inches  of  compacted  select  material  and  6 
inches  or  more  of  select  backfill.  For  the  DC-8,  a  24-inch  pavement  would 
require  a  CBR  of  14.5  for  the  compacted  select  material.  Since  this  taxiway 
has  performed  satisfactorily  under  DC-8  and  other  heavy  Jet  traffic,  a  strength 
equal  to  a  CBR  of  at  least  14.5  is  considered  to  exist,  and  on  this  subgrade 
the  S8T  would  require  a  flexible  pavement  thickness  of  26  inches.  As  areas 
receiving  the  3-ineh  overlay  scheduled  for  1967  -  1968  include  the  Honolulu 
sections  of  taxiway  A  and  runway  8-26.  These  pavements  are  compatible  with 
the  2707. 

The  section  of  taxiway  A  on  Hickam  Air  Force  Base  is  reported  to 
have  a  minimum  thickness  of  62  inches .  It  is  now  and  has  for  several  years 
been  sustaining  the  loads  imposed  by  the  DC-8-55  «nd  other  heavy  civil  aircraft 
without  adverse  effects.  For  this  reason,  it  would  appear  that  the  design  CBR 
value  of  3  may  understate  somewhat  the  true  strength  of  the  subgrade.  It  has 
been  assumed,  therefore,  that  the  62-inch  pavement  is  Just  adequate  for  the 
DC-8-55  at  325,000  pounds,  and  the  corresponding  indicated  CBR  value  of  3-8 
has  been  used  to  determine  the  thickness  required  for  the  2707. 

A  value  of  CBR  3.8  indicates  that  a  70-inch  pavement  thickness  would 
be  adequate  for  2707  operations  on  the  Hickam  end  of  taxiway  A.  He  have  been 
advised  that  in  connection  with  the  anticipated  3-inch  overlay  by  the  Department 
of  Transportation,  the  Air  rorce  may  also  be  expected  to  carry  cut  an  overlay 
program  of  not  leas  than  2  inches. 

The  resulting  overlaid  pavement  will  then  include  a  total  thickness 
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of  6  inches  of  asphalt,  to  half  of  which  a  1.5  base  equivalency  factor  would 
o  be  applicable,  the  equivalent  total  pavement  thickness  equal  to  65$  inches. 
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The  4^-ineh  difference  between  this  and  the  required  70  inches  adjusted  to 
3^  inches  by  the  equivalency  factor  for  bituminous  concrete  base,  becomes 
attributable  to  the  SST. 

Based  on  limited  boring  information,  the  section  of  the  runway  east 
of  Hicham  Air  Force  Base  is  assumed  to  have  a  minimum  pavement  thickness  of 
66  inches  including  a  4-inch  bituminous  surface.  The  placement  in  1967  -  1968 
of  the  planned  3-inch  overlay  will  increase  the  actual  thickness  to  69  inches. 

If  allowance  is  made  for  the  equivalent  value  as  base  of  the  existing  4-inch 
surface,  the  effective  total  pavement  thickness  at  the  time  the  SST  enters 
service  will  be  71  inches.  For  noncritical  runway  areas,  the  abiUty  of  such 
a  pavement  to  support  the  2707  would  require  a  CBR  of  3 >3* 

In  view  of  the  improved  methods  of  placing  fill  and  the  better 
quality  of  materials  employed  on  the  Honolulu  part  of  the  field  as  a  result 
of  the  experience  gained  over  the  years  by  the  military  forces  on  the  Hickam 
side,  it  seems  Justifiable  to  assume  that  the  CBR  of  the  Honolulu  section  of 
the  runway  is  at  least  equal  to  the  minimum  value  of  3.8  posited  for  taxiway 
A  (m  the  basis  of  its  traffic  history.  Therefore,  the  Honolulu  segment  of 
Runway  8-26  is  compatible  with  the  2707  requirements. 

The  3  >350  feet  of  runway  8-26  immediately  west  of  the  Hickam- 
Honolulu  property  line,  all  of  which  is  operationally  noncritical,  is  74  inches 
thick.  The  top  4$  inches  is  asphaltic  concrete  surface.  The  anticipated  2-inch 
overlay  will  Increase  this  thickness  to  76  Inches,  of  which  3$  Inches  may  be 
considered  as  high-quality  base,  effectively,  then,  the  runway  in  *i«  Hickam 
area  may  be  considered  as  being  77  sad  3/4  inches  thick.  At  a  design  thickness 
for  noncritical  pavement  supporting  the  88T,  this  depth  of  pmvsment  corresponds 
to  a  CBR  requirement  of  about  2.9. 

Therefore,  the  2707  will  be  compatible  with  the  overlaid  Hickam 
section  of  Runway  8-26. 
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Thus,  the  only  costs  of  pavement  compatibility  attributable  to  the 
SST  are  those  for  a  3^-inch  overlay  of  the  Hickaa  AFB  section  of  taxiway  A. 
3.6.2  Requirements  for  New  Pavements 

Fillets  -  The  fillets  at  existing  pavement  intersections  at  Honolulu 
International  Airport  were  carefully  investigated.  The  geometries  of  the 
fillets  were  taken  from  plans  made  available  by  the  airport's  operator  and 
verified,  as  constructed,  from  an  aerial  photograph. 

The  general  assumptions  and  criteria  leading  to  the  standards  adopted 
for  the  present  evaluation  may  be  found  in  paragraph  2.2. 2. 3  of  this  report. 

Ninety  per  cent  or  more  of  the  landings  and  takeoffs  at  Honolulu  are 
made  in  the  easterly  direction.  Nevertheless,  it  was  deemed  advisable  to  treat 
those  taxiway  turns  that  are  routine  when  operations  are  reversed  in  the  same 
manner  as  the  more  commonly  ^gotlated  turns  associated  with  prevailing  wind 
operations.  One  modifying  assumption  made  for  the  east-to-west  investigation 
was  that  taxiway  A  will  be  extended  to  the  threshold  of  runway  26  by  the  time 
the  SST  is  in  service.  Should  such  an  extension  prove  unwarranted,  it  is  logi¬ 
cal  to  presume  that  reduced  criteria  for  taxiing  turns  would  be  acceptable 
during  periods  of  fcdsu-to-west  operations. 

Runway  8-26  is  200  feet  wide  for  its  full  length,  and  a  few  of  the 
connecting  taxiwaya  are  more  than  75  feet  wide.  This  circumstance  tends  to 
minimize  the  need  for  and  cost  of  fillet  modifications  to  accommodate  the 
2707. 

Each  fillet  that  would  be  traversed  by  the  SST  was  Investigated 
lnvldidually.  A  total  of  31  Intersection  fillets  and  three  curved  taxiways  wa., 
studied.  It  was  determined  that  two  fillets  would  require  improvements  if 
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the  criteria  stated  in  paragraph  2. 2 .2. 3  are  to  be  observed  at  Honolulu.  The 
curved  taxivays  were  found  to  be  adequate . 

The  following  tabulation  presents  our  assessment,  which  is  believed 


to  be  reasonable  usd  conservative,  of  the  nuaber  of  fillets  requiring  improve¬ 


ments,  by  type  of  intersection  and  class  of  usage. 

PAVBSNT  FUNCTION  AND  USAGE* 

No.  of  Pavements 
Adequate  as  Nov 

Fillets;  by  Type  of  Intersection  Constructed 


Taxiway- taxiway 

Normal  usage  6 

Rare  usage  8 


No.  of  Pavements 
To  be  Improved 


1 

0 


Ronway- taxiway 

Normal  usage  4  1 

Rare  usage  6  0 

Taxiway- terminal  apron  See  subsequent  discussion  of  terminal 

apron 


On  maintenance  area  routes 

Rare  usage  $  0 

TOTAL  number  of  fillets  investigated  29  2 

Curved  taxiways 

Normal  usage  3  0 

♦For  definition  of  "normal"  and  "rare"  usage,  and  for  the  operational  criteria 
associated  therewith,  see  paragraph  2. 2. 2. 3  of  this  report. 

The  total  costs  for  the  improvements  to  the  pavements  tabulated 
in  the  right  column  above  and  shown  on  Plate  HNL-1  are  attributable  to  the 
2707.  They  have  been  estimated  using  current  construction  costs,  and 
the  results  are  summarized  at  the  and  of  this  section. 

Holding  Aprons  -  The  operation  of  this  airport  is  such  that  an 
aircraft  receives  a  "No-Delay"  clearance  at  the  gate  and  proceeds  down  the 
taxiway  for  an  immediate  takeoff.  Should  there  then  arise  a  reason  for  not 
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taking  off,  the  aircraft  returns  to  the  terminal  by  means  of  the  runway. 

Holding  aprons  have  not  been  constructed  at  either  end  of  the  field,  and  there 
are  no  plans  at  present  for  any  such  construction. 

Peripheral  Taxivays  -  Terminal  Area  -  At  the  periphery  of  the  existing 
terminal  area  aircraft  parking  apron,  which  is  of  Portland  cement  concrete, 
there  is  a  peripheral  taxiway  system  of  flexible  pavement.  Typically  300  feet 
in  width,  it  is  marked  for  the  most  part  for  two-way  taxiing.  (See  Plate 
HNL-2.)  If  the  airport's  current  standards  for  clearances  between  moving  air¬ 
craft  are  to  be  maintained,  and  if  the  same  operational,  flexibility  character¬ 
izing  present-day  operations  is  to  be  available  to  the  SST,  these  peripheral 
pavements  would  require  a  widening. 

A  25-foot  width  of  rigid  pavement  at  the  periphery  of  the  aircraft 
parking  apron  is  reserved  for  the  movements  of  apron  vehicles.  For  most, 
but  not  all,  of  the  feasible  SST  parking  positions,  the  desirable  13  feet  of 
vertical  clearance  to  the  underside  of  any  part  of  the  parked  2707  over¬ 
hanging  this  vehicular  way  would  be  available.  However,  it  has  been  assumed 
that  prudence  would  dictate  the  relocation  of  the  vehicular  way  to  the  adjacent 
flexible  pavement,  a  measure  that  would  in  turn  require  a  further  respacing 
of  the  peripheral  taxiway a. 

Revisions  to  the  terminal  area,  including  the  possible  elimination 
of  the  two-way  taxiing  system,  will  be  considered  in  a  master-planning  study 
that  is  scon  to  be  undertaken.  Nevertheless,  in  the  absence  of  detailed 
planning,  the  costs  that  would  be  incurred  by  an  adequate  widening  of  the 
terminal  area  taxiway  system  and  a  relocation  of  the  vehicular  way  have  been 
estimated  and  attributed  to  the  achievement  of  compatibility  with  the 


2707. 
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3*6.3  Evaluations  of  Structures 

Culvert b  -  T5unway  8-26  and  its  tvo  parallel  taxivays  cross  Manuwai 
Canal)  which  is  on  the  property  line  of  Hickta  Field.  The  investigation  was 
concerned  with  the  runway  crossing  and  the  north  taxiway  crossing. 

The  canal  is  carried  in  a  six-cell,  reinforced-concrete  box  culvert 
beneath  the  north  taxi way  (taxiway  A).  The  cells  of  the  box  are  10  feet  wide 
by  9  feet  deep  inside,  and  the  interior  walls  are  structurally  hinged  top  and 
bottom.  It  is  possible,  therefore,  to  analyze  the  top  and  bottom  slabs  of 
the  culvert  independently,  since  structural  continuity  is  provided  only  by 
the  end  sidewalls. 

The  top  slab  is  of  ample  strength,  and  on  the  basis  that  wall  loads 
are  carried  by  narrow  strips  of  the  bottom  slab,  the  bottom  slab  is  also 
adequate  for  the  2707. 

The  canal  is  carried  beneath  Runway  8-26  in  part  by  three-box  and 
two-box  reinforced-concrete  culverts,  and  in  part  of  6-foot-diameter  reinforced- 
concrete  pipe  culverts.  About  fifteen  years  ago,  the  box  and  pipe  culverts 
were  strengthened.  The  pipes  were  lined  with  3  inches  of  reinforced  concrete, 
and  10  inches  of  double-reinforced  concrete  were  added  to  the  tops  of  the  box 
culverts. 

The  strengthened  6-foot  pipes,  which  now  have  10- inch  wall  thicknesses 
were  checked  for  the  loads  imposed  by  the  2707  and  found  to  be  adequate. 

Other  Pipes  and  Conduits  -  From  the  available  data  it  is  Judged 
that  all  other  pipes  and  all  conduits  beneath  the  airfield  pavements  are  within 
the  range  of  acceptable  conditions  as  defined  in  paragraph  2.2.3,  end  therefore 
may  be  considered  compatible  with  the  2707. 

3.6.4  Terminal  Area  (See  Plate  HNL-2) 


The  terminal  area  at  Honolulu  consists  of  a  central  terminal  building 


and  elevated  concourses.  The  concourses  form  a  "Y,"  with  the  central  terminal 
at  the  top. 


To  the  west  of  the  main  building  and  paralleling  the  east-west  runway 
is  a  series  of  buildings  that  accommodates  international  arrivals .  From  the 
center  of  the  terminal  area  to  the  east,  another  aeries  of  buildings  curve 
gradully  to  the  north. 

Perimeter  gate  positions  are  located  on  the  airfield  side  of  these 
buildings.  They  are  not  assigned  to  specific  carriers,  but  are  assigned  by 
the  tower  on  arrival. 

3. 6. 4.1  Maneuvering  and  Docking 

All  19  gate  positions  are  virtually  identical  in  plan  layout,  fuel 
hydrant  positioning,  and  guidance  striping.  When  the  2707  enters  service  at 
Honolulu,  it  is  probable  that  only  (me  method  of  parking  will  be  used. 

Nose* in  parking  would  result  in  the  longest  passenger  walking  distances 
and  would  greatly  increase  the  requirements,  die  cussed  above,  of  relocations  of 
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the  terminal  area  peripheral  taxiway  system.  That  mode  of  parking,  therefore, 
was  given  no  further  cone i deration  for  this  terminal. 

Both  parallel  and  canted  parking  would  be  feasible  (8ee  Plate  HNL-2), 

and  it  appears  that  no  particular  advantage  would  be  gained  by  standardising 

on  one  mode  to  the  exclusion  of  the  other  except  blast  considerations.  Parked 

either  way  the  2707  would  generally  occupy  two  existing  gate  positions.  Nine 
feasible  positions  are  shown. 

Those  positions  ultimately  selected  for  2707  parking  will  remain 
compatible  with  current  subsonic  aircraft.  The  lew  blast  fences  installed 
on  the  terminal  apron  for  the  powered  maneuvering  of  such  aircraft  need  not 
be  disturbed  for  tbe  maneuvering  of  the  88T,  which  will  require  tugs  for  out¬ 
going  aircraft.  If  a  slight  upward  articulation  of  tbe  lowered  nose  of  the 
2707  should  be  required  to  clear  the  fences,  it  is  anticipated  that  such  a 


maneuver  would  be  acceptable. 

The  terminal  apron  muit  be  widened  to  permit  apron  movements  to  clear 
parked  aircraft.  The  coat  of  thia  modification  la  included  in  the  estimate. 


3. 6. 4. 2 


Honolulu  International  Airport  presently  uses  mobile  ramps.  The 


Department  of  Transportation  does  not  contemplate  the  installation  of  second- 
level  loading  devices  in  the  foreseeable  future. 

3 -6. 4. 3  Fueling  System  Modifications 


Each  of  the  19  existing  gate  positions  at  Honolulu  is  fueled  by  an 
underground  system,  including  a  pair  of  hydrant  pits  along  a  line  perpendicular 
to  the  terminal  face  spaced  at  8o  feet  distance.  Some  of  these  pits  have 
additional  fuel  lines  carrying  a  duty-free  fuel  used  in  certain  overseas 
operations . 

It  has  been  assumed  for  purposes  of  the  present  study  that  a  flexibility 
of  choice  of  supply  equal  to  that  offered  by  the  existing  system  would  be 
required  by  the  airlines  operating  88T'a.  Therefore,  the  estimated  costs  per 
gate  position  for  modifications  to  the  fhel  system  Include  thoee  incurred  at 
each  SST  position  shown  for  providing  three  new  hydrant  pits,  together  with  the 
seme  number  of  hydrants  and  laterals  presently  Installed.  A  further  assumption 
has  been  that  all  three  of  the  servicing  oil  companies  would  make  use  of  tbe 
seme  lateral  trench  at  each  2707  gate  position. 


3.6.5 


of  Estimated  Costa 


Taxiway  "A"  overlay  f  $2.30/s.y. 

Modify  one  fillet  on  Rlckam  A.F.B. 
Full-strength  pavement  •  $l6/s.y . 
Shoulder  pavement 
Revisions  to  lltfite  and  signs 


Estimated  Cost 
$104,000 


10,000 

3,ooo 

1,000 
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Estimated  Coat 


Summary  of  Estimated  Costa  (Continued) 

Item 


Modify  one  fillet  on  H.I.A. 

Full-strength  pavement  §  $7/a.y.  $  6,000 

Revisions  to  lights  and  signs  1,000 

Expand  terminal  apron 

Full-strength  pavement  •  |7/a.y.  150,000 

Shoulder  pavement  19,000 

Revisions  to  lights  and  signs  10,000 


Total  Estimated  Costs  $304,000 

Estimated  Unit  Costs  Per  Oate  Position 

Fuel  system  modifications  $  16,000 


All  of  the  nine  gate  positions  found  to  be  feasible  were  included  in 
the  estimation  of  the  average  cost  for  fuel  system  modifications  quoted  above. 
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LEGEND 

FEASIBLE  SST  GATE  POSITIONS 

TERMINAL  APRON  EXPANSION 
ASSUMED  FOR  SST  USAGE 


Airport  Evaluation  -  Houaton  Intercontinental  Airport  -  HOU 


Now  under  construction  on  a  7200-acre  site  north  of  Houaton  is  the 
first  major  airport  in  the  United  States  planned  for  a  previously  undeveloped 
tract  since  Dulles  International  Airport  was  constructed  in  the  late  1950' s. 

The  planners  and  designers  of  Houston  Intercontinental  began  their  work  at  a 
time  when  the  general  compatibility  requirements  of  the  supersonic  transport 
were  beginning  to  become  apparent.  As  a  result,  the  specific  compatibility 
requirements  of  the  2707  would  make  necessary  only  minor  modifications  at  this 
new  airport. 

3.7*1  Evaluations  of  Pavements 

"The  sandy  loam  topsoil  varies  in  thickness  free  1  foot  to  3  feet 
and  in  its  present  condition  is  isirly  loose.  It  is  underlain  by  sandy  clay, 
clay  loam,  and  clay  subsoils,  end,  in  its  present  state,  it  has  low  stability 
and  poor  drainage.  A  relatively  high-strength  subsoil  can  be  produced,  however, 
by  removing  the  sandy  topeoil,  compacting  the  subsoil  and  shaping  it  to  drain, 
and  replacing  the  sandy  topsoil  at  a  high  density."  (Houston's  Jetero  Airport: 


location  and  Configuration,  frank  H. 


,  Jr.,  Journal  of  the  Aero-Space 


Space  Transport  Division,  Voi.  89,  No*  ATI,  April,  1963,  Proceedings  of  the 
American  Society  of  Civil  itagineer* , ) 

Base  0 our see,  $  12  iuofces  ifclok,  wf  high  stability  soil  oemeat 

were  plaoed  upon  the  emspeoted  tifti  grade  prepared  as  described  abeve.  The  combined 
modulus  of  subgrade  reaction  achieved  by  tbs  si  means  varies  from  k  «  26$  to 


k  -  450. 


These  preparations  vers  mads  for  rigid  pavements,  the  only  kind 


placed  here.  The  airport's  designers  selected  slab  thicknesses  of  11,  12,  and 
14  Inches  to  accommodate  the  various  conditions  of  support  end  eventual  use. 

A  tabulation  of  data  pertinent  to  the  present  Investigation  Is  given: 


D6A10582-1 


Per  Cent  of  fc 
DC-8-55  Boeins 


14 

365 

375 

88 

87 

14 

265 

425 

84 

83 

12 

400 

415 

93 

92 

12 

355 

500 

81 

79 

11 

450 

500 

83 

83 

where  t  ■  thickness  of  concrete  slab  (inches) 

k  -  modulus  of  subgrade  reaction  (pound/lnches^)  and 
fc«  recoonended  maximum  allowable  flexural  stress  In  slab  (psi) 
from  the  above  results  It  can  easily  be  appreciated  that  Houston's 
pavements  will  be  compatible  with  the  2707* 

3.7.2  Requirements  for  Hew  Pavements 

Fillets  -  The  fillets  proposed  at  pavement  Intersections  on  Houston 
Intercontinental  Airport  were  carefully  Investigated.  The  geometries  of  the 
fillets  were  taken  from  plans  made  available  by  the  Airport's  operator  and 
verified,  as  constructed,  from  an  aerial  photograph. 

If  Runway  8-26  and  14-32  were  to  remain  at  their  present  lengths, 
several  of  the  exit  taxi ways  nearest  to  their  landing  thresholds  would  receive 
little  or  no  use  by  the  8ST.  As  Plate  H0U-1  Indicates,  however,  both  runweys 
are  to  be  extended.  As  a  result,  the  exit  taxiwsya  In  question  will  be  used 
routinely  by  the  supersonic  transport.  The  assumption  has  been  made  that  the 
planned  extensions  will  be  completed  prior  to  the  introduction  of  the  88T. 

The  general,  assumptions  and  criteria  leading  to  the  standards  adopted 
for  the  present  evaluation  may  be  found  In  paragraph  2.2, 2.3  of  this  report. 

A  total  of  91  fillets  were  individually  reviewed.  It  was  determined 
that  16  of  these  fillets  would  require  improvements. 

The  following  tabulation  presents  <xur  assessment,  which  Is  believed 
tc  be  reasonable  and  conservative,  of  the  numbers  of  fillets  requiring  Improve¬ 
ments,  by  type  of  intersection  and  class  of  usage. 
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PAVEMENT  FUNCTION  AND  USAGE* 


/  / 


No.  of  Pavements 

Adequate  ae  Nov  No.  of  Pavements 

Fillets;  by  Type  of  Intersection  Constructed  To  be  Improved 

Taxivay-taxivay 

Normal  usage  16  16 

Rare  usage  26  0 


Runway - 1  axi way 

Normal  usage  6  0 

Rare  usage  6  0 

Taxiwey-terminal  apron 

Normal  usage  5  0 

Rare  usage  0  0 


At  holding  aprons 

Normal  usage  9  0 

Rare  usage  1  0 

TOTAL  number  of  fillets  investigated  75  16 

*Fc?  definitions  of  "normal"  and  "rare"  usage,  and  for  the  operational  criteria 

associated  therewith,  see  paragraph  2. 2. 2. 3  of  this  report. 

The  total  costs  for  the  improvements  to  the  pavements  tabulated  in 

the  right  column  above  and  shown  on  Plate  HOU-1  are  attributable  to  the 


2707.  They  have  been  estimated  using  current  construction  costs,  and  the 
results  are  summarized  at  the  end  of  this  section. 

Holding  Aprons  -  The  325-foot  wide  holding  aprons  that  will  serve 
the  thresholds  on  Runway  8-26,  the  ILS  runway,  are  more  than  ample  for  holding 
and  passing  the  2707.  By  the  criteria  stated  in  paragraph  2. 2. 2. 4,  the  250-foot 
wide  aprons  of  Runway  14-32  are  inadequate.  The  costs  of  an  adequate  widening 
have  been  estimated  and  allocated  to  the  Boeing  2707.  Plate  HOU-1  shews  the 
widening  assumed. 


3-7-3  Evaluations  of  Structures 


Bridges  -  Six  aircraft  overpass  structures  will  be  required  in  the 
terminal  area  when  the  third  runway  is  constructed.  They  will  be  designed  for 
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the  heaviest  aircraft  that  can  be  reasonably  anticipated  at  the  time,  and  for 
that  reason  would  be  adequate  for  the  2707. 

Culverts  -  A  system  of  culverts  will  serve  to  drain  the  taxiway 
infield  areas.  Having  been  designed  for  100, 000-pound  equivalent  single  wheel 
loads,  these  structures  have  the  strength  required  to  resist  live  loads  imposed 
by  the  2707- 

Pipes  and  Conduits  -  Frco  the  available  data  it  is  Judged  that  all 
pipes  and  conduits  beneath  the  airfield  pavements  are  within  the  range  of 
acceptable  conditions  as  defined  in  paragraph  2.2*3,  end  therefore  may  be 
considered  compatible  with  the  2707. 

3*7.^  Terminal  Area 

The  terminal  at  Houston  Intercontinental  Airport  is  based  on  the 
concept  of  unit  terminals  for  passenger  processing  and  multiple  satellites  for 
boarding  and  deplaning.  (See  Plate  H0U-2,  an  aerial  photograph  of  the  airport 
site  showing  the  construction  as  of  mid-July  1966,  with  the  Master  Plan  super¬ 
imposed.  ) 


3 


Two  unit  terminals  are  scheduled  for  construction  during  the  first 
phase  of  development.  Each  terminal  will  ultimately  be  served  by  four  satellite 
stations  each  designed  to  provide  gate  position*  for  five  subsonic  Jet  aircraft. 
The  unit  terminals  are  square  in  plan,  and  the  concourses  connecting  them  to 
the  satellite  flight  stations  are  extensions  of  their  diagonals.  Thus,  separate 
aprons  are  provided  on  two  opposing  sides  of  the  unit  terminals. 

These  aprons  are  750  feet  wide  and  they  permit  two-way  taxiing 
operations  with  all  gate  positions  occupied  by  current  Jet  aircraft.  The  gate 
positions  for  each  aircraft  are  designed  for  nose-in  parking;  however,  each 
airline  may,  at  its  own  option,  make  the  rearrangements  necessary  to  permit 
canted  or  parallel  parking. 
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3. 7-^.1  Maneuvering  and  Docking 

Plate  HOU-2  shows  two  possible  positions  for  docking  the  2707  at 
each  of  the  eight  satellites.  Position  "A"  appears  to  be  the  optimum  position 
to  satisfy  the  criteria  of  availability  of  adjacent  gate  arrangements  and  of 
minimal  expenditures  for  passenger  loading  bridges. 

For  simultaneous  occupancy  of  a  single  satellite  by  two  SST's,  a 
combination  of  Positions  "A"  and  "Bn  appears  most  feasible.  It  should  be 
noted,  however,  that  the  2707  in  Position  "BR  would  intrude  upon  the  inner 
taxiing  lane  of  the  apron. 

3.7. k.2  Passenger  Loading  Devices 

The  need  for  modifications  to  passenger  loading  devices  will  depend 
upon  the  equipment  selected  by  the  individual  airlines.  It  is  assumed  that 
the  selection  of  any  passenger-loading  equipment  will  be  made  so  that  it  will 
be  compatible  with  2707. 

3. 7.  ^-3  Fueling  System  Modifications 

An  underground  hydrant  fueling  system  has  been  designed  for  Houston 
Intercontinental.  It  will  consist  of  one  12-inch  and  four  l6-inch  supply 
mains  feeding  two  10-inch  lines  looping  around  each  of  the  satellites.  The 
system  will  be  pressure-controlled  from  the  tank  farm  and  will  be  capable  of 
supplying  20,000  gallons  per  minute  at  100  pounds  per  square  inch.  Hydrant 
locations  at  leased  gate  positions  have  been  determined  by  each  airline  on 
the  basis  of  its  current  aircraft  equipment  and  intended  mode  of  parking. 

It  has  been  assumed  that  those  positions  to  be  used  for  2707  docking 
will  require  new  hydrants  and  laterial  connections.  The  costs  thereof  have 
been  estimated  as  attributed  to  the  requirements  of  the  2707. 
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3*7.5  Summary  of  Estimated  Costs 


Modifications  to  16  fillets 

Full-strength  pavement  t§  $15/s.y.  $  41,600 

Revisions  to  lights  and  signs  22,400 

Widening  of  2  holding  aprons 

Full-strength  pavement  §  $15/s.y.  98*000 

Revisions  to  lights  2)000 


Total  Estimated  Costs  $164,000 

Estimated  Unit  Costs  Per  Gate  Position 

Fuel  system  modifications  $  7*000 


The  average  coat  per  gate  position  quoted  above  for  fuel  ays tan 
modifications  is  the  average  of  the  costs  incurred  by  providing  for  one  SST 
Position  "A"  and  one  SST  Position  WB"  at  any  satellite. 
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3.8  Airport  Evaluation  -  John  F.  Kennedy  International  Airport  -  New 

York  -  JFK 

3.8.1  Structural  Evaluation  of  Pavements 

Both  rigid  and  flexible  pavements  have  been  constructed  at  John  F. 
Kennedy  International  Airport.  In  some  places,  the  rigid  pavements  have 
received  bituminous  leveling  courses. 

The  pavements  are  founded  for  the  most  part  on  dredged  sand.  Engineers 
of  the  Port  of  New  York  Authority  recommend  the  use  of  a  California  Bearing 
Ratio  (CBR)  of  15  for  analyses  of  flexible  pavements  and  a  modulus  of  subgrade 
reaction  (k)  of  300  for  analyses  of  rigid  pavements. 

Rigid  Pavements  -  All  runways,  some  taxivays  and  sections  of  taxiways, 
and  by  feu-  the  greater  area  of  apron  pavements  are  of  Portland  cement  concrete. 
The  runway  pavements,  which  have  been  designed  for  a  maximum  allowable  flexural 
stress  of  430  pounds  per  square  inch  are  12  inches  thick.  All  other  rigid  pave¬ 
ments  are  13  inches  thick.  Their  maximuiu  allowable  flexural  stress  is  365 
pounds  per  square  inch. 

On  both  the  12  inch  and  13  inch  thick  pavements,  the  DC-8-55  at 
328,000  pounds  induces  higher  stresses  than  does  the  2707  at  675,000  pounds.  At 
98  and  95  per  cent,  respectively,  of  the  maximum  allowable  stress,  neither  vehicle 
overatresses  the  12  inch  pavements.  However,  on  the  13  inch  pavements,  which 
have  the  lower  maximum  allowable  stress,  the  DC-8  Induces  a  slight  overstress 
(4  per  cent),  while  the  2707  induces  a  stress  approximately  equal  to  the 
allowable. 

On  the  basis  of  these  findings,  it  is  concluded  that  the  rigid  pave¬ 
ments  at  Kennedy  are  adequate  for  both  vehicles. 

Flexible  Pavements  -  Most  taxiway  pavements  at  Kennedy  are  of  flexible 
construction.  According  to  the  Port  Authority's  engineers  and  planners,  all 
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such  pavements  either  are  22  inches  thick  now  or  will  he  overlaid  to  that 
thickness  prior  to  the  inauguration  of  SST  services.  The  typical  section  com¬ 
prises  a  4  inch  surface  course,  a  12  in  base  (consisting  of  6  inches  of  asphaltic 
concrete  and  4  inches  of  crushed  stone),  and  a  6  inch  sub-base. 

The  use  of  the  Corps  of  Engineers'  design  method  with  the  recommended 
CBR  value  of  15  results  in  the  following  pavement  thickness  requirements: 

for  the  DC-8-55  23.5  inches 

for  the  2707  25  inches 

Under  most  circumstances,  each  inch  of  asphaltic  concrete  base  may 
be  considered  the  equivalent  of  l£  inch  of  a  base  of  lesser  quality.  In  the 
judgment  of  the  New  York  Fort  Authority's  engineers,  however,  an  equivalency 
factor  should  not  be  applied  to  Kennedy's  flexible  taxiway  sections.  Therefore, 
the  thickness  deficiency  of  pavements  subjected  to  2707  loadings  is  3  inches. 

Since  the  deficiency  for  DC-8  loadings  is  only  l£  inch,  it  may  be 
assumed  that  no  overlay  would  be  considered  in  the  absence  of  SST  operations. 

For  this  reason,  the  full  amount  of  the  costs  estimated  for  a  3  inch  thick 
asphaltic  concrete  overlay  have  been  allocated  to  operations  by  the  2707. 

Estimation  of  the  areas  to  be  overlaid  was  based  mainly  an  the 
judgment  of  the  Fort  Authority's  engineers  with  some  additional  Interpolation. 
Plate  JFK-1  shows  the  areas  eliminated  from  consideration  because  of  probable 
Infrequent  use  by  fully- loaded  BBT's. 

There  are  sections  of  18  inch  thick  flexible  pavement  on  the  aprons 
serving  the  International  Arrivals  Building  and  the  unit  terminal  building 
occupied  by  Northeast  Airlines,  Northwest  Airlines,  and  Braniff  International. 
They  comprise  a  4  inch  surface,  an  8  inch  base,  and  a  6  inch  sub-base.  In 
theory,  they  are  deficient  by  5i  inches  (23. 5  per  cent)  for  the  DC-8  and  by  7 
inches  (26  per  cent)  for  the  2707. 


Since  moat  of  the  flexible  sections  are  surrounded  by  concrete 


pavements,  their  improvement  would  not  be  a  simple  matter.  (See  Platee  JFK-2 
and  JFK-7.)  Overlays  of  adequate  thickness  would  create  serious  drainage  pro¬ 
blems.  If  a  remedial  program  were  to  become  necessary,  it  would  likely 
be  one  of  removing  the  flexible  surface  and  base  and  placing  in  their  stead  a 
13-incb-thick  concrete  pavement.  As  has  been  noted  in  the  discussion  of  rigid 
pavements,  this  thickness  would  be  required  for  either  of  the  aircraft  being 
compared. 

However,  the  existing  pavements  are  said  by  the  Port  Authority's 
engineers  to  be  in  good  condition  after  years  of  frequently  repeated,  highly 
channelized  heavy  loadings.  The  Port  Authority's  engineers  have  stated 
further  that  they  do  not  foresee  the  need  for  strengthening  overlays  prior  to 
the  introduction  of  the  3ST. 

From  a  comparison  of  the  theoretical  thickness  deficiencies  expressed 
as  percentages,  we  Judge  that  the  two  terminal  apron  pavements  in  question 
would  probably  be  compatible  with  the  2707 .  Therefore,  no  costs  for 
their  strengthening  are  attributed  to  8ST  compatibility  in  the  "best"  estimate 
given  at  the  end  of  this  Section. 

In  the  unlikely  event  that  pavement  distress  traceable  to  SST 
operations  occurs,  it  would  be  reasonable  to  attribute  to  such  operations  the 
full  cost  of  a  pavement  improvement.  Anticipating  that  such  an  improvement 
would  be  made  by  inlaying  concrete,  we  hove  reported  as  a  "high"  estimate  the 
full  estimated  costs  of  removing  existing  flexible  pavements  and  replacing  them 
with  a  13-inch  rigid  slab. 

3*8.2  Requirements  for  Hew  Pavements 

Fillets  -  The  fillets  at  existing  pavement  intersections  on  John  F. 
Kennedy  International  Airport  were  carefully  investigated.  The  geometries  of 


the  filler a  were  taken  from  plana  made  available  by  the  airport's  operator  and 
verified,  aa  conatructed,  from  an  aerial  photograph. 

The  general  as8umptiona  and  criteria  leading  to  the  standards  adopted 
for  the  present  evaluation  may  be  found  in  paragraph  2. 2.2.3  of  this  report. 

The  specific  assumptions  made  for  the  investigation  of  the  fillets  at  Kennedy 
are  as  follows: 

(1)  If  runway  4L-22R  were  to  remain  at  its  present  length, 
several  of  the  exit  taxiways  nearest  to  the  landing 
threshold  would  receive  little  or  no  use  by  the  S8T. 

As  Plate  JFK-1  indicates,  however,  this  runway  la  planned 
to  be  extended.  Aa  a  result,  the  exit  taxiways  in  question 
would  be  used  routinely  by  the  supersonic  transport.  The 
assumption  has  been  made  that  the  planned  extensions  will 
be  completed  prior  to  the  introduction  of  the  SST. 

(2)  Runway  7-25  is  presently  decommissioned.  It  is  uncertain 
whether  it  will  be  reactivated  in  the  future.  For  this 
report,  we  have  assumed  that  it  would  not  be  used  as  a 
runway  by  the  supersonic  transport. 

(3)  Turns  of  l80°  between  the  terminal  peripheral  taxiways  are 
rarely  made.  Furthermore,  consecutive  90°  turns  made  in 
opposite  directions  between  these  two  taxiways  are  rarely 
made. 

(4)  The  Port  Authority  has  in  the  past  modified  fillets  in 
conjunction  with  other  major  projects.  It  may  be  expected 
that  additional  improvements  will  be  made  from  time  to  time, 
nevertheless,  the  cost  estimates  given  in  this  report 

have  been  based  upon  the  conservative  assumption 


that  existing  fillets  of  Inadequate  radii  would  be  improved 
solely  because  of  the  higher  maneuvering  requirement  of 
the  2707. 


)  Runways  13L-31R  and  7-25  have  been  built  to  a  width  of  200  feet  and 

some  of  the  taxiways  at  JFK  are  wider  than  the  normal  75  feet.  This  circum¬ 
stance  tends  to  reduce  the  need  for  and  costs  of  fillet  modifications  to 
accotaodate  the  27C?.  However,  by  current  FAA  recommendations,  many  existing 

i 

intersections  have  fillets  of  inadequate  radii. 

Each  fillet  that  would  be  traversed  by  the  88T  was  investigated 
individually.  A  total  of  223  fillets  was  studied.  It  was  determined  that  97 

!  of  them  would  require  improvements  if  the  criteria  stated  in  paragraph  2. 2. 2. 3 

I 

1  are  to  be  observed  ».t  Kennedy. 

i 

j  A  dual  peripheral  taxiway  system  curves  around  the  entire  terminal 

i 

I  area.  It  is  at  intersections  in  this  system  that  the  great  perponderance  of 

|  pavement  improvements  would  be  required.  There  are  four  additional  curved 

'  taxiways,  at  locations  away  from  the  terminals .  All  curved  taxiways  were  found 

I  to  be  of  adequate  radii. 

| 

The  following  tabulation  presents  our  assessment,  which  is  believed 
to  be  reasonable  end  conservative,  of  the  numbers  of  fillets  requiring  improve¬ 
ments,  by  type  of  intersection  and  class  of  usage. 
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PAVIMENT  rlTICTION  AND  JSAGL 


No.  of  Pavements 


Fillets;  by  Type  of  Intersection 

Adequate  as  Now 
Constructed 

No. 

To 

of  Pavements 
be  Improved 

Taxiway-taxiway 

Normal  usage 

24 

59 

Rare  usage 

5 

7 

Runway-taxiway 

Normal  usage 

30 

l 

Rare  usage 

24 

0 

Taxiway-terminal  apron 

Normal  usage 

10 

26 

Rare  us  age 

5 

0 

At  holding  aprons 

Normal  usage 

7 

4 

Rare  usage 

3 

0 

On  maintenance  area  routes 

Rare  usage 

18 

0 

TOTAL  number  of  fillets  investigated 

126 

97 

*For  definitions  of  "normal"  and  "rare"  usage,  and  for  the  operational  criteria 


associated  therewith,  see  paragraph  2. 2. 2. 3  of  this  report. 

The  total  costs  for  the  improvements  to  the  pavements  tabulated  in 
the  right  column  above  and  shown  on  Plate  JFK-1  are  attributable  to  the 
2707-  They  have  been  estimated  using  current  construction  costa,  and  the 
results  are  summarized  at  the  end  of  this  section. 

Holding  Aprons  -  According  to  the  Port  of  New  York  Authority's 
engineers,  the  following  are  the  minimum  desired  SST-holding  capabilities  of 
the  runway  threshold  aprons: 

(1)  Hold  two  SST's  at  runways  31L,  22R,  and  13R. 

(2)  Hold  one  SST  at  runways  4L,  31B  and  13L. 

(3)  Ignore  SST-holding  requirements  at  runway  4r. 

An  additional  requirement  of  the  Port  Authority  is  that  the  total 
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number  of  SST's  and  subsonic  j<  tr  UiH*  c.v.  be  r.c-ld  a*.  or.c«  o:  *>.r-  aprc:  sho  .M 
oe  equal  to  the  total  number  of  subsonic  jets  that  it  was  designed  to  bold. 

Runvay  3IX  -  The  holding  apron  for  runway  3H  1b  a  trapezoldal- 
shaped  pavement  located  at  the  end  of  a  decommissioned  runway  which  is  now 
designated  taxiway  Z.  Its  width  is  adequate  for  holding  the  2707  and  it  is 
backed  by  a  10  foot  high  blast  fence.  It  has  sufficient  area  to  hold  three 
large  subsonic  jets. 

To  enable  this  apron  to  hold  two  2707’ b  and  one  large  subsonic  Jet,  it 
would  be  necessary  to  lengthen  the  pavement.  All  costs  for  such  improvements 

i 

would  be  attributable  to  the  S8T. 

Runway  22R  -  The  apron  here  is  presently  adequate  for  the  current 
|  subsonic  jets.  It  is  adequate  in  width  for  holding  SST’s  and  is  backed  by  a 
1  blast  fence  erected  to  protect  a  taxiway.  The  expansion  required  to  accommodate 
two  2707' s  and  one  current  large  jet  aircraft  is  delineated  on  Plate  JFK-1. 

Runway  13E  -  There  is  an  "L"- shaped  holding  apron  adjacent,  to  the 
takeoff  threshold  of  runway  13R.  The  long  leg  of  the  apron  is  parallel  and 

!  close  to  a  taxiway  serving  airline  maintenance  facilities,  and  a  blast  fence 

i 

now  separates  the  two.  The  entire  apron  will  presently  accommodate  five  large 
subsonic  aircraft.  If  this  apron  were  widened  toward  the  runway  to  the  maximum 
extent  allowable  within  the  FAA  recommendations,  (namely  400  feet),  it  would 
accommodate  two  SST’s  and  three  preBent-day  subsonic  JetB.  Because  of  the 
restricted  distance  between  taxiway  "Q"  and  runway  "13R,"  widening  of  this  apron 
is  limited  to  300  feet,  about  10  feet  short  of  the  criteria  required  by  para¬ 
graph  2.2.2. 4.  (See  Plate  JFK-l) 

Port  Authority  engineers  have  questioned  the  effects  that  the 
efflux  from  a  holding  S8T  might  have  on  the  high  tail  surfaces  of  aircraft 
on  the  adjacent  taxiway.  Studies  indicate  that,  as  the  2707  swings 
from  the  apron  toward  the  bold  bar,  the  distance  from  its  exhaust  nozzles 
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be  felt  or.  taxi  way  "(4,"  but  should  not  be  regarded  as  aevere . 

The  costs  of  an  expansion  toward  runway  13R  have  been  estimated  ana 

I  attributed  in  full  to  the  8ST. 

1 

i 

i  Runway  4L  -  The  holding  apron  here  can  presently  accommodate  three 

Bubonic  jets.  It  must  be  widened  to  be  adequate  for  the  2707  by  the  criteria 
stated .  Additionally,  it  would  be  necessary  to  lengthen  the  apron  to  hold 
one  SST  and  two  current  large  jets.  The  costs  of  such  a  lengthening, 

j  including  that  for  placing  fill  in  Jamaica  Bay,  have  been  estimated  and  are 

j  included  in  the  summary  contained  at  the  end  of  this  section. 

I 

Runway  31R  -  The  apron  recently  constructed  at  the  threshold  of  the 

i 

[  extended  runway  31R  has  been  designed  to  hold  three  large  subsonic  jets.  If 
the  criteria  described  in  paragraph  2. 2. 2. 4  are  adopted  at  JFK,  a  60-foot  widen¬ 
ing  of  this  apron  would  be  required.  The  widened  apron  could  accommodate  one 

|  2707  and  two  present-day  jets  without  lengthening. 

Runway  13L  -  The  threshold  apron  recently  completed  during  the 
extension  of  runway  13L  ie  not  wide  enough  for  an  existing  subsonic  Jet  to 
pass  a  2707  that  is  holding.  There  appears  to  be  no  practical  solution  to  the 
problem  involved  in  expanding  the  apron's  depth.  The  rear  edge  of  the  apron  is 
separated  from  150th  Street  by  a  14  foot  high  steel  blast  fence;  consequently, 
the  apron  cannot  be  widened  toward  150th  Street.  Relocating  the  street  itself 
to  the  southwest  would  not  be  warranted. 

Additionally,  the  apron  that  originally  served  13L  is  Inadequate  for 
the  same  reason  cited  for  the  inadequacy  of  the  recently  completed  apron  and 
for  the  same  reason  as  the  latter,  it  could  not  be  widened  practically.  The 
assumption  therefore  is  that  SST' a  required  to  hold  will  do  so  in  the  large  area 
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rr.*-  !  by  *h-  .  •  •rr»?  *  :  \ex  .  why: 

For  the  foreg.-ing  reasons,  r.c  rhaiges  ha  ve  t  eon  u- i  ,•/&•>-  :  ’  ■  •  *r:<-  J  ;t 

'  for  apron  expansion  at  the  Runway  13L  threshold. 

3-3.3  Evaluations  of  Structures 

Bridges  -  There  are  four  taxiway  bridgeB  on  the  airport.  The  older 

I 

pair,  designed  in  1946,  carry  the  dual  circumfererl *  1  taxiway0  over  Van  Wyck 
Expressway,  the  primary  access  read.  The  second  pair,  designed  in  1962,  carry 

'  the  same  taxiways  over  the  150th  Street  entrance  roadway. 

Plans  of  the  new  pair  of  bridges  have  been  reviewed,  and  it  has  beer. 

I  determined  that  they  are  fully  capable  of  supporting  the  270?  at  maximum  gross 

j 

:  ramp  weight . 

| 

The  Van  Wyck  Expressway  bridges  are  two-span  continuous  structures 
with  center-to-center-of-bearing  distances  of  about  65  feet  in  each  span.  The 
load-carrying  superstructure  members  are  36-inch-deep,  wide-flange  steel  beams 
weighing  280  pounds  per  lineal,  foot  (36  WF  280} .  spaced  at  slightly  less  than 
6  feet  on  center.  The  beams  are  spliced  at  the  center  support  of  each  bridge. 
In  addition  to  their  own  weight,  they  carry  the  dead  load  of  a  6-inch-thick 
concrete  wearing  course  and  a  1-foot-thick  reinforc..d  concrete  slab,  which  is 
haunched  down  to  the  top  of  the  lower  flange  of  the  beams.  Composite  action 
between  steel  and  concrete  was  not  assumed  m  the  design. 

The  300,000-pound  live  load  was  assumed  to  act  through  two  sets  of 
dual  wheelB  spaced  bo  feet  apart,  with  u  dual -wheel  spacing  of  5  feet. 

The  superstructure  of  each  bridge  is  supported  by  3-foot-thick  deep 
abutments  and  a  solid-wall  ter  pier.  These  are  in  turn  founded  or.  a  4-foot- 

thick  concrete  slab  extendir  .  rom  abutment  to  abutment.  The  slab  also  carries 
the  expressway's  pavements. 

The  governing  design  specifications  were  the  applicable  requirements 
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of  *».«.  i  yu4  "S’aii-iHr  i  Bpeci  I'i  ’a4 :  oris  for  Highway  Bridges"  of  the  American 
Association  of  State  Highway  Officials. 

Assuming  the  amount  of  distribution  of  the  wheel  loads  warranted  by 
the  properties  of  the  existing  slab,  it  is  found  that  both  the  2707  and  the 
DC-8-55  produce  serious  overstresses  in  the  steel  beams.  The  calculated 
stresses  resulting  from  2707  loads  would  be  only  7-8  per  cent  greater  than  those 
resulting  from  the  DC-8-55-  Improvements  of  the  bridges  should  already  have 


been  made. 


For  this  reason,  it  is  deemed  inappropriate  to  assess  any  costs 


of  structural  modifications  of  the  Van  Wyck  Expressway  Bridges  to  the  2707. 

Box  Culverts  -  Seven  large,  reinforced-concrete  box  cu  verts  were 


investigated,  as  listed  below: 


Approximate 
Depth  of  Cover  (Ft) 


j  Size  Type  Depth  of  Cover  (Ft) 

13 ’-6"  x  6' -6"  Single  box  5 

13' -6"  x  6' -6"  Double  box  6 

9' -6"  x  7' -6"  Double  box  44 

i  9 "-6”  x  ? -.6"  Double  box  3| 

.  13' -0"  x  6 '-6"  Single  box  4 

|  10 ’-6"  x  6’ -6"  Single  box  44 

'  13* -0"  X  7'-0"  Triple  box  5£ 

Using  conservative  analytical  assumptions,  it  was  found  that  the  2707 
would  impose  varying  degrees  of  stress  above  the  design  values.  In  none  of  the 
structures  were  the  overstresses  found  to  exceed  25  per  cent. 

To  reconstruct  or  strengthen  any  of  these  culverts  would  temporarily 
entail  severe  airport  operational  penalties.  For  this  reason,  and  because  the 
overatresses  caused  oy  the  2707  axe  within  acceptably  safe  working  limits  for 
the  reinforcing  steel,  it  is  anticipated  that  no  modifications  would  be  made 
solely  on  account  of  2707  traffic. 


Pipes  and  Conduits  -  From  the  available  data  it  is  judged  that  all 
pipes  and  conduits  beneath  airfield  pavements  are  within  the  range  of  acceptable 
conditions  as  defined  in  paragraph  2.2.3,  And  therefore  may  be  considered 
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compatible  with  the  2707- 

3*8.4  Terminal  Area  (See  Plates  JFK-2  through  -8) 

|  The  terminal  area  at  Kennedy  now  comprises  an  International  Arrivals 

| 

]  Building  and  six  domestic  unit  terminals.  Two  other  unit  terminals,  one  for  a 
non  U.  S.  A.  airline,  are  presently  projected  for  completion  within  a  few  years. 
The  seven  existing  terminals  fall  into  three  basic  classifications: 

(1)  The  central  building  with  two  or  more  concourses  extending 

outward  into  the  aircraft  apron  (Eastern,  United-Delta,  American, 
and  the  International  Arrivals  Building); 

! 

|  (2)  The  self-contained  terminal  at  which  the  aircraft  dock  by  nosing 

i  in  (FAA  and  Braniff-Northeast-Northwest) ; 

i  (3)  The  central  terminal  with  concourses  and  satellite  buildings 

I  (TWA). 

3-8, 4.1  Maneuvering  and  Docking 

Studies  were  made  of  all  terminals,  and  it  waB  determined  that  the 
2707  could  be  accommodated  at  each.  Plates  JFK2-8  show  symbol «  at  gate 
positions  representative  of  those  where  it  is  believed  feasible  for  the  2707 
to  be  maneuvered  and  docked  by  conventional  techniques.  The  positions  shown 
are  also  those  studied  for  costs  of  additional  hydrants  and  modifications  of 
passenger  loading  devices. 

3 .8.4.2  Passenger  Loading  Devices 

A  total  of  20  loading  positions  are  shown.  Five  at  the  IAB 
(International  Arrivals  Building),  three  at  TWA,  three  at  American,  two  at 
United  Delta,  two  at  Eastern,  two  at  Braniff-HW,  and  two  at  Pan  American. 

The  following  listing  gives  loading  methods  with  estimated  modifications 
and  additions  required  at  the  different  terminals. 


s 

o 
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Only  BOAC,  which  will  probably  be  accommodating  arrivals  a:;  v.;j  J 
i  departures  in  its  new  terminal  building  before  the  operational  date  of  the  ''-717 

I 

has  Installed  passenger  loading  bridges  at  the  IAB.  This  gate  position  serviced 
!  by  these  loaders  is  not  a  recommended  2707  position.  Since  none  of  the  gates 
!  recommended  now  has  loading  devices,  none  is  considered  chargeable  to  the  2707- 
j  3 -8. 4. 2. 2  Trans  World  Airlines  Terminal  (See  Plate  JFK-3) 

Currently,  passenger-loading  is  accomplished  via  swinging-telescoping 
loaders  of  a  length  adequate  to  serve  the  2707.  Adjustments  to  the  vertical 
articulation  of  the  loaders  would  be  required  to  accommodate  the  sill  heights 

I 

of  the  2707,  and  the  costs  thereof  are  attributable  to  the  achievement  of 
.  compatibility. 

j  3*8. 4. 2. 3  American  Airlines  Terminal  (See  Plate  JFK-4) 

The  East  Concourse  could  be  equipped  to  serve  the  2707  with  two 
telescoping  loaders.  The  end  position  of  the  West  Concourse  presently  has  one 
j  bi-rail  nose  loader  which  could  he  vertically  adjusted  to  mate  with  the  second 
1  door  of  the  2707.  Either  another  bi-rail  loader  or  a  swinging-teleBcoping  loader 
attached  to  an  extended  holdroom  would  be  required  for  the  forward  door.  For 
the  canted  position  at  the  West  Concourse,  it  has  been  estimated  that  a  new 
swinging-telescoping  loader  would  be  provided  for  the  second  door  and  a  swinging, 
fixed-length  loader  for  the  forward  door. 

3. 8. 4. 2. 4  United-Delta  Air  Lines  Terminal  (See  Plate  JFK-5) 

The  South  Concourse  could  accommodate  two  2707's.  The  westerly 
position  could  be  served  by  two  existing  swinging-telescoping  loaders,  which 
would  require  vertical  adjustment  to  the  sill  heights  of  the  2707.  The  second 
position  at  the  8outh  Concourse  would  require  two  new  loaders,  but  are  not 
charged  to  2707  because  none  now  exist. 
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Inert fore,  the  modification  or  replacement  Jjstr  of  ary  *';*  .r*  loaders:  a."' 
considered  chargeaoie  to  the  2707.  Two  telescopi-.g  loaders  appear-  v,  >  e  ‘r 
optimum  solution,  | 

3 ,8. 4 .2.5  Eastern  Air  Lines  Terminal  (Se_  Plate  JFK-6) 

I 

i  This  terminal  does  not  at  present  have  any  second-level  passenger-  j 

i  i 

|  loading  devices.  Possible  future  loading  devices  for  2707  operations  would 

require  second-story  additions  to  the  existing  single-level  North  and  South  i 

Concourses.  This  is  not  planned  so  the  costs  of  passenger-loading  devices 
j  have  not  been  considered  chargeable  to  the  2707. 
i  3-8. 4. 2. 6  Braniff-Northwest  Terminal  (See  Plate  JFK-7) 

At  the  terminal's  southwest  corner,  a  position  is  available  with  two 

j 

i  existing  loaders  suitable  for  2707  use.  One  fixed-length,  swinging  loader  with 
j  a  fixed  cab  would  require  a  rotating  cab  or  replacement  with  more  appropriate 
|  equipment.  The  second  loader,  a  swinging-telescoping  bridge,  would  require 
vertical  adjustment  to  the  elevation  of  the  2707  door  sill.  The  east  side  of 
this  terminal  does  not  presently  have  loading  devices.  Two  new  loaders  are 
suggested  for  the  2707  position  shown  there. 

3. 8. 4. 2. 7  Pan  American  World  Airways  Terminal  (See  Plate  JFK-8) 

The  existing  loaders  are  a  swinging  type  having  an  open  platform  with  j 
handrails.  They  reach  only  t*  the  forward  doors  of  current,  Jet  aircraft.  The 
platforms  would  have  to  be  extended  and  heightened  to  reach  the  2707  forward 
door  and  clear  the  canard.  The  2707  rear  door  does  not  fall  under  the  canopy, 
therefore,  in  order  to  protect  passengers  from  inclement  weather,  an  enclosed, 
swinging-telescoping  loader  would  be  required  at  each  2707  gate  position  to 
serve  the  rear  door. 

O 

? 


REV  SYM 

//? 


NO. 


PASS 


D6A10582-1 

119 


•*7000 


AO  1S4C  O 


*  ^  *  *g  ^  t  em  c  &r '.  pr  c  c  u  r.b  -  i  ^ .  ,ri  ’ .  .  *  f  .  *w  % . 

Arrivals  Building  ur;d  at  the  permanent,  tend  nals  of  the  vari  ons  ai  rii  :.et  , 

Fueling  at  temporary'  terminals  is  still  carried  on  by  fuel  tenders.  At  me  i 

i 

i  International  Arrivals  Building,  the  airlines  can  choose  among  the  fuels 
j  four  different  suppliers,  and  there  are  eight  hydrants  for  each  aircraft  gate 
!  position. 

|  I 

|  The  installation  of  new  hydrants  and  laterals  connecting  them  to  the 

j  existing  mains  would  be  required  at  each  2707  gate  position  to  achieve  compat- 

i 

ibility  with  existing  underground  fueling  systems.  The  average  cost  of  fueling 

I  system  modifications  reported  in  the  summary  was  obtained  for  the  total  of 

1  '  | 

I 

I  indi-vidual  estimates  made  for  each  position  shown.  The  individual  estimates 
j  were  based  on  new  installations  capable  of  providing  the  same  flexibility  of 
supply  now  provided  at  the  subsonic  jet  gate  positions. 

3.8.!)  Blast  Fences 

The  Port  of  New  York  Authority  has  erected  blast  fences  at  eight 
locations  at  Kennedy  where  aircraft  either  holding  or  taking  off  direct  the: r 
engine  blasts  at  other  facilities. 

Fences  at  Runway  13L  Threshold  -  There  are  three  fences  in  the  vicinity 
of  the  runway  13L  threshold.  One  is  at  the  edge  of  the  original  holding  apron, 
which  cannot  accommodate  a  2707  for  holding. 

The  second  is  a  l4-foot-high  fence  between  the  new  holding  apron  and 
150th  Street.  As  previously  pointed  out,  this  apron  cannot  be  widened  to  hold 
a  2707.  Neither  fence,  therefore,  will  be  required  to  protect  adjacent  facilities 

from  the  blast  plumes  of  the  holding  2707. 

1 

The  third  fence,  which  is  6  feet  high,  is  on  the  extended  runway 
centerline  and  about  250  feet  from  the  takeoff  theshold.  This  fence  also 
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components  a°.  they  pass  over  15  t.h  Street  would  make  1 ?  v  :  >  •  ■: ~ *  •  -  a* 

tr.i s  fence,  which  offers  ad»  -juste  protection  from  thrust  campcnez."  t  o'  •  r 
velocities . 

Fences  at  Runway  13R  Threshold  -  As  hat.  been  pointed  out,  '  '  s 

swinging  from  this  apron  toward  the  hold  bar  are  not  expect' d  to  direct  s ev*-r< 
blast  at  aircraft  on  the  taxiway  leading  uu  the  maintenance  facilities.  Th«-r»-- 
fore,  no  consideration  was  glv°n  to  modifying  the  er1  sting  hi*****'  fence  at  this 
threshold. 

Fence  at  Runway  22R  Threchold  -  The  holding  apron  serving  runway  ruh, 
which  we  have  assumed  will  be  expanded,  is  separated  from  an  adjacent  taxiway 
by  a  metal  blast  fence  10  feet  high.  If  it  is  assumed  that  runways  22?.  ana 
22L  are  used  during  peak  hours  for  takeoffs,  aircraft  taxiing  behind  the  apron 
of  runway  22?  would  cross  the  axis  of  the  2707' s  engine  efflux.  At  the  distance 
intervening  between  the  taxiway  ani  the  2707 'e  exb"  t  nozzles,  however,  the 
velocity  of  the  efflux  at  breakaway  power  and  at  the  elevations  involved  is 
unobjectionable.  (See  paragraph  2.2.5  and  Plate  JFK-1.) 

The  fence  should  be  extended  as  required  by  the  apron  expansion 
needed  for  holding  the  88!  to  offer  the  seme  blast  protection  as  now  exists. 

The  coat  of  lengthening  the  fence  has  been  estimated  and  attributed  to  the 

Fences  at  Runway  3H  -  There  are  two  fences  associated  with  the  runway 


31L  threshold.  One  is  adjacent  to  the  holding  apron  on  the  decommissioned 


north-south  rumray  now  known  as  taxiway  Z.  To  match  required  apron  widening 
and  extension,  the  existing  fence  will  have  to  be  removed,  replaced  and  extended. 
This  fence  will  retain  its  present  height  of  30  feet.  It  is  required  only  to 
furnish  the  same  protection  for  runway  UR  as  now  exists.  The  2707  will  be 
so  aligned  with  UR  when  holding  on  this  apron  that  its  engine  efflux  will  be 
parallel  to  the  runway. 
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The  other,  directly  to  the  rear  of  the  runway  threshold,  oust  remain 

at  its  present  height  of  10  feet.  To  raise  it  to 

a  greater  height  will  create 

an  unacceptable  hazard  in  this  location. 

3.8.6  Summary  of  Estimated  Costs 

At  Kennedy,  as  at  one  other  of  the  15  airports,  a  "beBt"  estimate  and 

a  "high"  estimate  are  being  submitted  for  various 

reasons.  The  "best"  estimate 

reflects  our  considered  judgment  as  to  what  costs 

are  most  properly  attributable 

to  the  2707.  The  high  estimate  represents  what  we 

consider  to  be  the  maximum 

potential  cost  that  might  be  incurred  by  the  SST. 

1 

Item  Estimated  Cost 

Taxiway  overlays  @  $2.20/s.y.  $ 

990,000 

Modifications  to  97  fillets 

Full- strength  pavement  @  $15/s.y. 

423,000 

Shoulder  pavement 

185,000 

Revisions  to  lights  and  signs 

146,000 

Expansion  of  4l  holding  apron 

Full-strength  pavement  @  $15/s.y. 

85,000 

Shoulder  pavement 

13,000 

Revisions  to  lights 

2,000 

Embankment 

152,000 

Expansion  of  13R  holding  apron 

Full- strength  pavement  @  $15/s.y. 

115,000 

Shoulder  pavement 

9,000 

Revisions  to  lights 

2,000 

Expansion  of  22R  holding  apron 

Full-strength  pavement  @  $15/s.y. 

232,000 

Shoulder  pavement 

6,000 

Revisions  to  lights 

5,000 

Blast  fence 

42,000 

Expansion  of  31R  holding  apron 

Full- strength  pavement  @  $15/s.y. 

80,000 

Shoulder  pavement 

10,000 

Revisions  to  lights 

2,000 
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Item 

Ef.  vimated  Cost 

Expansion  of  3H  holding  apron 

Full-strength  pavement  8  $15/s»y- 
Shoulder  pavement 

Revisions  to  lights 

Blast  fence 

142,000 

12,000 

3,000 

7$, ooo 

Subtotal 

$2,731,000 

BeBt  Estimate 

High  Estimate 

Terminal  apron  inlays  (§  $17/s.y. 

0 

1,700,000 

Total  Estimated  Costs 

$2,731,000 

$4,431,000 

Estimated  Unit  Costs  Per  Gate  Position 
Passenger  loading  devices 

Fuel  system  modifications 

$67,000 

$20,000 

Of  the  gate  positions  determined  to  be  feasible  for  SST  usage,  9 
vere  considered  in  the  estimation  of  the  average  unit  cost  of  passenger  loading 
devices  quoted  above.  The  average  unxt  cost  per  gate  position  of  fuel  system 
modifications  was  obtained  by  averaging  the  individual  gate  costs  for  all  SST 
gates . 
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3.9  Airport  Evaluation  -  Loa  Angeles  International  Airport  -  LftX 

3.9.1  Structural  Evaluation  of  Pavements 

Both  rigid  and  flexible  pavements  have  been  constructed  at  Los 
Angeles  International  Airport.  A  considerable  body  of  data  on  existing  pave¬ 
ment  sections  and  subgrade  conditions  has  been  furnished  by  the  Airport's 
operator. 

In  the  area  of  the  airport  vest  of  Sepulveda  Boulevard  (See  Plate 
IAX-l) ,  the  natural  subgrade  soil  is  a  loose  sand.  When  excavated  and  recom¬ 
pacted  in  layers,  it  provides  a  good  subgrade  for  runway  and  taxiway  construction 
For  rigid  pavement  design,  the  reconmended  modulus  of  subgrade  reaction  is 
generally  k  =  300  at  the  top  of  the  base  course.  On  one  2,300-foot  section  of 
Runway  7L-25R,  a  value  of  k  *  250  is  applicable.  For  the  design  of  flexible 
pavements,  the  FAA  subgrade  group  is  Fa  and  the  California  Bearing  Ratio  (CBR) 
is  10. 

East  of  Sepulveda  Boulevard  the  subgrade  is  a  clay  soil,  rhe  recom¬ 
mended  modulus  of  reaction  (k)  is  300,  tne  FAA  subgrade  group  is  F5,  and  the 
CBR  is  5. 


Rigid  Pavements  -  Portland  cement  concrete  pavements  in  thicknesses 
of  9,  10,  12,  and  15  Inches  are  presently  in  use.  Tabulated  belcw  are  data 
pertinent  to  the  study; 


O 

! 

o 

< 


Per  cent  of  fc 


t 

k 

fc 

DC-6-55 

2707 

9 

300 

Loo 

135 

146 

10 

250 

LOG 

125 

135 

12 

300 

koo 

105 

102 

15 

300 

400 

78 

75 

where  t  «  thickness  of  concrete  slab  (inches); 

k  ■  recommended  modulus  of  reaction  on  base  (pound/ inch J); 
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f  a  recommended  mmH imim  allowable  flexural  stress  in  slab 
c 

2 

(pound/inch  ) . 

On  the  basis  of  the  foregoing  it  is  concluded  that  12-  and  15-inch 
concrete  pavements  are  compatible  with  the  8ST.  If  the  10-inch  runway  7L-25R 
pavement  performs  satisfactorily  under  current  Jet  traffic,  it  may  also  be 
considered  compatible  with  the  S8T,  notwithstanding  its  indicated  overatreas, 
which  is  10  per  cent  more  than  that  imposed  by  the  fully-loaded  DC-8-55*  The 
9-inch  pavement  occurs  only  at  the  Runway  25L  holding  apron,  scheduled  soon  to 
be  abandoned. 

Flexible  Pavements  -  Pavement  thickness  requirements  in  inches  are 
as  follows: 

West  of  Sepulveda  Blvd.  East  of  Sepulveda  Blvd. 


dc-b-.w 

ML 

DC-8-55 

ML 

32 

34 

52 

58 

11.5 

11 

30 

27.5 

29 

31 

47 

52 

9*5 

9*5 

24 

22 

Critical  Areas 

Corps  of  Engineers 
FAA  Method 

Noncritical  Areas 
Corps  of  Engineers 
FAA  Method 


A  number  of  flexible  tsxiway  and  runway  pavements  west  of  Sepulveda 
Boulevard  are  19  inches  thick.  These  have  been  a  source  of  trouble.  On  the 
basis  of  its  experience  with  them,  the  Department  of  Airports  has  concluded 
that  the  CBR  method  of  pavement  design  is  the  method  more  applicable  at  Los 
Angeles.  In  general,  the  19-inch  flexible  pavements  are  scheduled  co  be  replaced 
with  15-inch  concrete  pavements  (which  are  compatible  with  the  2707  requirements) 
in  the  near  future.  8ucb  pavements  include  portions  of  runways  7R-25L,  7L- 
25R,  and  taxi ways  J-38  and  H-36. 

All  of  the  terminal  apron  taxi ways  are  37  inches  thick,  and  are 
considered  compatible  with  the  2707* 
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Runway  6-24  and  sections  of  runway  7R-25L  -  all  west  of  Sepulveda 


A 


Q 

! 
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Boulevard  -  are  flexible  pavement  22  to  25  inches  thick.  Since  the  2707 
requires  a  flexible  pavement  thickness  in  critical  and  noncritical  areas  2  inches 
greater  than  does  the  DC-8,  the  proportional  cost  of  that  thickness  of  a 
strengthening  overlay  has  been  charged  to  the  SST  as  a  compatibility  expense. 

East  of  Sepulveda  Boulevard,  taxiway  2-J,  which  has  a  theoretical 
thickness  deficiency  of  15  inches,  has  been  holding  up  very  well  under  frequent 
heavy  loadings.  This  is  attributed  to  its  adobe  subgrade.  It  is  not  anticipated 
that  taxi way  2-J  would  require  any  improvements  to  support  2707  loadings. 

3*9*2  Requirements  For  Hew  Pavements 

Fillets  -  The  fillets  at  existing  pavement  intersections  on  Los 
Angeles  International  Airport  were  carefully  investigated.  The  geometries 
of  the  fillets  were  taken  from  plana  made  available  by  the  airport's  operator 
and  verified,  aa  constructed,  from  an  aerial  photograph. 

The  general  assumptions  and  criteria  leading  to  the  standards 
adopted  for  the  present  evaluation  may  be  found  in  paragraph  2. 2. 2. 3  of  this 
report.  The  specific  assumptions  made  for  the  investigation  of  the  fillets 
at  Los  Angeles  are  as  follows: 

(1)  Runway  16-34,  which  is  very  seldom  used,  will  either  be 
relocated  or  abandoned. 

(2)  Taxiway  ”K"  between  the  threshold  of  runway  7L  and  taxiway  53*J 
will  be  widened  frest  its  present  60-foot  width  to  75  feet. 

(3)  Taxiway  "K"  between  a  point  opposite  Satellite  5  and  the 
United  Air  Lines  maintenance  apron  at  the  eastern  end  of 
the  airport  is  used  only  rarely;  i.e.,  when  taxiway  J  is 
closed. 

(4)  Taxiway  "F"  is  used  only  by  the  military  and  by  the  nonacheduled 
_ supplemental  carriers. 
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Moat  operations  at  Los  Angeles  are  to  the  vest.  However,  there  may 


be  five  to  ten  days  a  year  when  the  direction  and  velocity  of  the  wind  dictates 
that  landings  and  takeoffs  be  made  to  the  east.  Because  of  the  density  of 
traffic  at  the  airport,  it  is  essential  that  ground  traffic  not  be  unnecessarily 
delayed  at  any  time.  Hence,  we  have  Investigated  the  geometry  of  taxiing 
turns  that  are  made  only  when  operations  sure  to  the  east  as  well  as  of  those 
that  are  made  when  operations  are  to  the  vest. 

Most  landings  to  the  west  turn  off  the  7-25  runways  prior  to  their 
intersection  with  existing  runway  16-34.  Nevertheless,  and  for  the  same  reason, 
the  geometry  of  all  turnoffs  west  of  the  intersection  have  been  considered  as 
though  they  received  normal  usage. 

The  taxiway  fillets  at  the  edge  of  the  terminal  area  apron,  on  the 
other  hand,  have  not  been  Investigated.  Since  operations  with  the  2707  would 
require  expansions  on  all  three  of  the  accessible  sides  of  the  apron,  the 
existing  fillets  would  be  eliminated. 

Runway  7R-25L  is  200  feet  wide,  a  circumstance  that  minimizes  the 
need  for  and  coats  of  fillet  modifications  to  accommodate  the  2707.  Many 
of  the  taxivaya  are  more  than  75  feet  wide,  with  the  same  result. 

Each  fillet  that  would  be  traversed  by  the  8ST  was  investigated 
individually.  A  total  of  163  fillets  and  two  curved  taxivays  was  studied.  The 
following  tabulation  presents  cur  assessment,  which  is  believed  to  be  reasonable 
and  conservative,  of  the  numbers  and  types  of  fillets  requiring  improvements . 
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PAVEMENT  FUNCTION  AND  USAGE* 


Fillets;  by  Type  of  Intersection 

No.  of  Pavements 
Adequate  aa  Now 
Constructed 

No.  of  Pavements 
To  be  Improved 

Taxivay-taxiway 

Normal  usage 

20 

14 

Rare  usage 

43 

0 

Runvay-taxiway 

Normal  usage 

11 

1 

Rare  usage 

50 

0 

Taxivay- terminal  apron 

15 

0 

At  holding  aprons 

Normal  usage 

6 

0 

Rare  usage 

1 

0 

On  maintenance  area  routes 

Rare  usage 

2 

0 

TOTAL  number  of  fillets  investigated 

146 

15 

Curved  taxiwaya 

Normal  usage 

1 

1 

♦For  definition*  of  "normal"  and  "rare"  usage,  and  for  the  operational  criteria 
associated  therewith,  see  paragraph  2. 2.2. 3  of  this  report. 

The  total  costs  tor  the  improvement ■  to  the  pavements  tabulated  in 
the  right  colxnn  above  and  shown  on  Plate  IAX-1  are  attributable  to  the 
2707-  They  have  been  estimated  using  current  construction  costs,  and  the  results 
are  summarised  at  the  end  of  this  section. 

Holding  Aprons  -  Holding  aprons  have  been  constructed  at  the  threshold 
of  existing  runway  2k  (future  runway  24L)  and  between  the  thresholds  of  runways 
25L  and  25ft.  Both  would  require  improvement  if  they  are  to  meet  the  criteria 
stated  in  paragraph  2.2. 2.4  for  the  bolding  and  bypass  maneuvering  of  the  2707. 

It  has  been  determined  that  a  60-foot  widening  would  be  appropriate 
for  the  full  length  of  the  apron  serving  the  runway  25  threshold.  A  50-foot 
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widening  and  a  variable  lengthening  would  provide  SST  compatibility  for  the 
runway  2k  apron. 

The  latter  improvement  would  require  the  relocation  of  a  blast  fence 
and  an  extension  of  approximately  100  feet  of  a  58-inch  by  36-inch  corrugated 
meted  pipe  arch.  Both  improvements,  of  course,  would  require  new  shoulders 
and  the  resetting  of  existing  edge  lights.  The  apron  at  the  runway  2k  thres¬ 
hold  would,  in  addition,  require  the  installation  of  severed  new  edge  lights. 

These  improvements  allow  holding  one  SST  at  a  time  on  either  apron. 

The  aprons  could  be  expanded  to  accomodate  two  SST's  simultaneously,  however, 
the  edrplanes  would  then  be  too  close  to  runway  thresholds  for  safety. 

The  costs  of  such  improvements  have  been  estimated  and  allocated 
in  full  to  the  use  of  the  airport  by  the  2707. 

Terminal  Aprons  -  In  order  to  maintain  the  terminal-area  maneuvering 
standards  adopted  in  paragraph  2.2  for  the  2707,  a  major  modification  of  the 
existing  taxi way  and  apron  system  would  be  required. 

An  apron  improvement  appropriate  to  the  requirements  of  the  SST  has 
been  laid  out  and  estimated.  (See  Plates  IAX-1  and  LAX-2.)  The  cost  reported 
at  the  end  of  this  section  for  full-strength  pavement,  includes  the  Individual 
costa  for  grading,  reinfbrced-concrete  pavement,  marking,  lighting,  signing, 
and  the  resetting  of  numerous  drainage  and  utility  appurtenances. 

3.9.3  Evaluations  of  Structures 

The  Los  Angeles  Airport  has  s  substantial  array  of  substructures,  some  over 
which  the  2707  will  peas  and  soma  not.  Each  of  the  major  structures  have  been 
bandied  an  a  separate  item. 

3. 9.3.I  8ubway 

Los  Angelas  International  Airport  is  transected  by  Sepulveda  Boulevard, 
which  runs  in  an  approximately  north-south  direction  Just  east  of  the  terminal 
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area  complex.  The  relationship  of  highway  and  airport  facilities  is  such  that 
the  parallel  east-west  runways  and  taxiways  south  of  the  terminal  area  must 
be  carried  over  the  highway.  The  vehicular  subway  constructed  for  this  purpose 
is  a  two-span,  reinforced-concrete  rigid  frame.  About  1,900  feet  in  length,  it 
was  originally  constructed  to  carry  the  two  7-25  runways,  sections  of  two  high¬ 
speed  turnoffs,  and  taxiway  K,  which  is  now  used  only  for  towing.  There  were 
extensive  sections  designed  not  for  live  loads,  but  for  the  dead  loads  of  shallow 
infield  fills.  Subsequent  to  the  original  construction,  taxiway  J  wan  constructed 
between  the  north  runway  of  the  7-25  pair  and  taxiway  K.  This  required  a 
strengthening  of  a  length  of  the  "light"  subway  construction.  A  384,000-pound 
vehicle  with  30  per  cent  rolling  impact  was  used  as  the  design  live  loading. 

Investigation  included  analyses  of  the  effects  of  the  2707  on  the 
original  "heavy"  sections  and  on  the  strengthened  "light"  sections. 

In  the  "light"  sections,  the  reinforcement  at  the  bottom  of  the  slab 
and  at  the  top  of  the  abutment  walls  is  highly  stressed.  The  more  severe 
overstreas  is  found  in  the  latter  part  of  the  frame. 

The  strengthening  of  the  "light"  section  that  was  performed  when 
taxiway  J  was  constructed  resulted  in  a  much-increased  capacity  of  the  reinforced 
slab  over  the  center  tent  and  between  the  bent  and  the  abutments.  However,  it 
did  little  to  improve  the  properties  of  the  frame  at  the  top  of  the  abutments, 
where  the  maximum  stresses  caused  by  the  2707  occur.  A  modification  designed 
to  improve  the  frame's  structural  properties  in  this  area  would  be  highly 
expensive  end  would  entail  severe  airport  operational  penalties  during 
construction. 

Since  the  conservatively  calculated  overstresses  are  lees  than  a 
third  of  the  design  value  allowed  for  the  reinforcement,  it  is  judged  that 
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the  "light"  sections  of  the  Sepulveda  Boulevard  tunnel  would  not  be  modified  for 
2707  loadings.  Hence,  no  costs  for  modifications  to  the  "light"  sections  of 
the  tunnel  have  been  charged. 

The  "heavy"  sections  carrying  the  runways  and  taxiway  K  were  originally 
designed  for  a  300,000-pound  vehicle  with  an  increase  for  rolling  impact  of 
33  1/3  per  cent.  The  rigid  frames  were  constructed  in  60-foot-long  sections. 

They  have  clear  spans  of  36  feet  9  inches  and  a  height  from  top  of  footing  to 
underside  of  deck  that  varies  between  20  feet  6  inches  and  22  feet  6  inches. 

As  in  the  "light"  section,  the  2707  would  create  over-stresses  in 
the  slab  of  the  "heavy"  section.  However,  the  reinforcement  in  these  sections 
would  be  stressed  only  about  15  per  cent  above  the  allowable  —  under  the 
circumetances,  a  level  below  that  warranting  strengthening  construction. 

The  center  bent  of  the  frame,  which  separates  the  southbound  and 
northbound  traffic,  is  composed  of  an  upper  girder  section,  a  lower  crash-wall 
section,  and  heavy  columns  spaced  at  15  feet  center-to-center.  This  results  in 
a  wall  with  openir  10  feet  wide  and  about  10  feet  high,  separated  by  5-foot- 
wide  column  sections.  > 

A  critical  condition  created  both  by  the  trucks  of  the  DC-8  and  the 
2707  is  shear  in  the  girder  members  of  the  center  bent.  Because  of  the  closer 
tire-spacing  of  its  main  gear  trucks,  the  DC-8  creates  a  greater  shear  stress 
in  the  concrete  of  the  center  bent  girders  then  would  the  2707. 

In  view  of  the  foregoing,  it  appears  that  the  tunnel  must  be  strength¬ 
ened  to  accommodate  the  forthcoming  3.arge  ai -craft.  However,  since  other  air¬ 
craft  will  be  in  service  before  the  2707  is  operational,  the  cost  of  this  work 
is  not  attributable  to  the  2707- 
3.9. 3-2  Box  Culvert 

The  perimeter  drain  at  Lob  Angeles  is  an  8-foot  6-inch  by  10-foot 
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O-inch  reinforced-concrete  box  culvert  that  passes  in  various  places  below 
aprons,  taxiw&ys,  and  runways.  This  structure  was  checked  for  the  live  load 
condition  imposed  by  the  2707-  The  calculated  maximum  stresses  in  the  concrete 
and  reinforcing  steel  at  critical  sections  were  found  to  be  within  their 
respective  allowable  values. 


3.9.3. 3 


The  ticketing  buildings  on  the  perimeter  of  the  circulation  roadway 


are  connected  to  their  respective  satellites  by  passenger  and  baggage  channels 
running  beneath  the  aircraft  parking  apron.  Certain  of  the  satellites  are 
similarly  interconnected  with  one  another  by  passenger  channels. 

As  pointed  out  in  a  subsequent  part  of  this  section,  it  would  be 
most  unlikely  that  the  2707  would  ever  be  maneuvered  between  tne  ticketing 
buildings  and  satellites,  or  onto  the  aprons  between  satellites.  For  that 
reason,  no  investigation  was  made  of  the  adequacy  of  the  existing  channel 
construction  with  the  2707- 
3.9.3.^  Pipes  and  Conduits 

From  the  available  data  it  is  judged  that  all  pipes  and  conduits 
beneath  airfield  pavements  are  within  the  range  of  acceptable  conditions  as 
defined  in  paragraph  2.2.3>  and  therefore  may  be  considered  compatible  with 
the  2707. 

3.9*4  Terminal  Area  (See  Plate  LAX-2) 

The  Los  Angeles  International  Airport  terminal  area  employs  the  unit 
terminal-and-satellite  concept.  Ticketing  buildings  arranged  along  opposite 
sides  of  the  parking  and  central  services  areas  are  connected  each  to  its  own 
satellite  by  channels  beneath  the  apron.  The  entire  perimeter  of  a  satellite 
is  thus  available  for  positioning  aircraft. 
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Maneuvering  and  Docking 

Due  to  the  proximity  of  the  satellites  to  each  other  and  to  their 
respective  ticketing  buildings,  parking  of  the  2707  is  not  recommended  at 
interior  gate  positions.  The  ten  exterior  positions  indicated  on  the  photo 
would  require  improvements  to  the  existing  texiway  and  apron  system.  The 
terminal  area  occupancy  that  could  be  attained  without  major  modifications  to 
the  buildings  is  indicated  on  Plate  IAX-2.  One  position  is  available  at. 
Satellites  5,  6,  and  7,  two  at  Satellites  2  Hid  4,  and  three  at  Satellite  3. 

Parking  positions  are  all  canted  with  the  exception  of  Satellite  No. 

4.  The  particular  arrangements  selected  have  been  investigated  for  feasibility 
of  convenient  maneuvering,  effects  on  the  availability  of  adjacent  gate  positions, 
and  adaptability  to  existing  gate  arrangements  and  loading  procedures.  With 
some  restriping,  the  positions  will  allow  passage  of  existing  subsonic  jets, 
but  space  is  not  adequate  for  passage  of  forthcoming  jumbo  jets  to  the  inner 
apron  areas. 

3* 9*^.2  Passenger  Loading  System  Modifications 

The  airlines  at  Los  Angeles  employ  both  second-level  loading  devices 
and  mobile  ramps.  The  second-level  devices  include  fixed  and  swinging  nose- 
loaders  and  swing-telescoping  bridges. 

At  Satellite  No.  2,  since  no  loaders  now  exist  in  the  vicinity  of 
the  SST  parking  positions;  the  new  equipment  that  would  be  required  to  serve 
the  2707  is  not  considered  chargeable. 

For  both  northerly  parking  position  shown  at  Satellite  No.  3, 
two  existing  swinging-teles coping  loaders  could  be  modified  to  meet  the  forward 
and  second  doors  of  the  2707-  For  the  southerly  position  shown,  two  existing 
loaders  could  also  be  modified  to  serve  the  two  doors.  The  cost  of  modifica¬ 
tions  which  would  be  needed  is  reflected  in  the  estimate  at  the  end  of  this  section. 
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New  swinging-telescoping  loaders  would  be  required  at  Satellite  No. 

4  to  serve  the  positions  indicated.  It  is  not  considered  feasible  to  modify 
the  existing  equipment,  which  has  been  designed  primarily  to  accommodate  nose-in 
loading  of  subsonic  aircraft.  Existing  equipment  could  remain  for  nose-in 
loading  of  subsonic  aircraft. 

Loaders  currently  exist  at  Satellite  No.  5*  The  new  devices  that 
would  be  required  have  been  considered  chargeable  to  the  2707. 

The  existing  swinging-telescoping  loader  at  Satellite  No.  6  could 
be  modified  to  serve  the  forward  door.  A  new  loader  of  a  similar  design  would 
be  needed  to  serve  the  second  door. 

New  loaders  would  be  required  at  Satellite  No.  7  to  serve  the  canted 
parking  position  indicated.  Since  loaders  exist  in  all  other  positions,  the 
new  ones  required  have  been  charged  to  the  2707. 

3.9. 4. 3  Fueling  System  Modifications 

All  of  the  satellite  terminals  are  served  by  underground  fueling 
systems.  The  number  of  oil  companies  with  installations  capable  of  supplying 
jet  fuel  to  each  is  one  at  Satellite  No.'s.  3>  4,  5,  and  7  and  four  at  Satellite 
No.'s  2  and  6.  There  are  approximately  600  electrically-activated  hydrants  on 
the  aprons. 

The  installations  at  each  satellite  were  examined  to  determine 
compatibility  with  the  fueling  requirements  of  the  2707. 

At  Satellite  No.'s  2  and  6,  the  loops  of  each  supplier  are  adequate 
to  accommodate  the  SBT  positions  indicated  at  each.  The  costs  estimated  for 
modifications  to  the  systems  are  those  for  improve!  ents  that  would  provide  the 
same  choices  to  the  tenant  airlines  as  are  open  to  them  now. 

The  existing  fueling  system  at  Satellite  No.  3  Appears  to  have  the 
least  capacity  of  any  of  those  on  the  airport.  If  the  loop  system  were  to  be 
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increased,  it  would  be  primarily  to  increase  supply  to  all  positions,  and  any 
capacity  added  solely  for  the  SST  would  be  proportionally  minor.  The  costs 
of  two  new  hydrants  at  each  SST  aircraft  position,  and  those  of  new  lateral 
connections  to  the  loop,  are  the  only  expenses  considered  attributable  to  the 


The  loop  systems  serving  Satellite  No.'s  4,  5,  and  7  appear  adequate 
for  the  SST  positions  feasible  at  each.  The  typical  improvement  of  two  new 
hydrants  and  a  new  lateral  would  be  required  at  each  of  the  positions. 


3.9.5 


of  Estimated  Costs 


Overlay  pavement  9  $1.20/8 .y. 

Modifications  to  15  fillets  and  1  curved  taxiway 
Full-strength  pavement  9  $15/s.y. 

Shoulder  pavement 
Revisions  to  lights  and  signs 

Widening  of  runway  2UL  holding  apron 
Full-strength  pavement  9  $15/s.y. 

Shoulder  pavement 
Revisions  to  lights 

Relocated  blast  fence  and  obstruction  lights 
Extension  of  58  inches  by  36  inches  CMP  arch 

Widening  of  runway  25L-25R  holding  apron 
Full-strength  pavement  9  $15/a.y. 

Shoulder  pavement 
Revisions  to  lights 

Widening  of  terminal  aprons 

Full-strength  pavement  %  $15/1  .y. 

Shoulder  pavement 
Revisions  to  lights  and  signs 


Subtotal 


Fire  and  Rescue  Equipment 

(As  requested  by  airport  operator) 

Total  Estimated  Coats 


Estimated  Cost 
$  260,000 


54,000 

18,000 

15,000 


32,000 

6,000 

3,000 

3,000 

4,000 


41,000 

5,000 

1,000 


693,000 

84,000 

36.000 

♦1,255,000 


Best  Estimate  High  Estimate 


$1,255,000 


120,000 

♦1,405,000 
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Estimated  Unit  Costs  Per  Gate  Position 

Passenger  loading  devices  $80,000 

Fuel  system  modifications  20,000 

Eight  of  the  gate  positions  determinec  to  be  feasible  for  SST  usage 

vere  considered  In  the  estimation  of  the  average  unit  cost  of  passenger  loading 

devices  quoted  above.  The  average  unit  cost  per  gate  position  of  fuel  ay stem 

modifications  vaa  obtained  by  averaging  the  individual  jate  costs  for  all  SST 

gates . 
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FEASIBLE  SST  GATE  POSITIONS 
TERMINAL  APRON  EXPANSION 
ASSUMED  FOR  SST  USAGE  - 
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3.10  Airport  Evaluation  -  Miami  International  Airport  -  MIA 
3.10.1  Structural  Evaluation  of  Pavements 

Both  rigid  and  flexible  pavements  have  been  constructed  at  Miami 
International  Airport.  In  sane  areas,  rigid  pavements  have  received  bituminous 
overlays . 

Rigid  Pavements  -  The  largest  areas  of  rigid  paveapnt  at  Miami  are 
the  aircraft  parking  areas  adjacent  to  the  piers  extending  from  the  terminal 
building.  All  of  them  are  10-inch  slabs  placed  on  n  12-inch  compacted  base  of 
blended  sand  and  rock  with  a  measured  minimum  CBR  of  60. 

Almost  ail  of  the  remaining  concrete  pavement  in  the  terminal  area 
is  6  inches  thick.  The  stabilized  sand  base  varies  in  thickness  from  0  to  8 
inches.  Almost  all  of  this  pavement  has  been  overlaid  with  3  inches  of  asphaltic 
concrete,  and  the  remaining  section  is  scheduled  for  a  3  3/^inch  overlay. 

Short  sections  of  runways  9R-27L  and  12-30  are  also  paved  with  8-lnch  concrete 
supported  by  stabilized  sand  bases  of  various  depths  up  to  8  inches.  They 
have  not  been  overlaid. 

There  are  several  small  areas  paved  with  6-inch  concrete  on  stabilized 
sand  '.\ses. 

All  rigid  pavements  that  might  be  subjected  to  heavy  88T  loadings 
have  been  inspected.  The  majority  of  the  10-inch  thick  terminal  apron  slabs 
are  presently  in  good  condition.  Tbs  overlaid  8-lnch  slabs  are  uniformly  in 
good  condition.  All  6-  and  8-lnch  slabs  not  as  yet  overlaid  are  Judged  to  be 
in  need  of  Improvement.  The  overlay  scheduled  for  the  8-lnch  terminal  area 
concrete  will  correct  the  largest  single  area  of  distressed  concrete,  and  it 
may  be  assumed  that  the  remaining  areas  of  distress  will  bs  improved  prior  to 
the  Introduction  of  the  88T. 

The  data  partlnent  to  rigid  pavement  design  and  the  calculated 
2  atresses  induced  on  slabs  without  overlays  by  the  DC -8-55  and  the  270? 

2  are  tabulated:  _ 
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t 

k 

fc 

Per  cent  of  fc 

DC-8- 55  Model  2707 

6 

320 

407 

204 

228 

8 

400 

400 

145 

155 

10 

600 

350 

123 

124 

where  t  =  thickness  of  concrete  slab  (inches) 

k  =  recommended  modulus  of  reaction  on  sand  base  (pound/inch  ) 
fc=  reccnunended  maximum  allowable  flexural  stress  in  slab 

p 

(pound/inch  ) 

Many  of  the  thinner  pavements  without  overlays  are  obviously  seriously 
overstressed  by  the  fully-loaded  DC -8-55,  and  would  be  subjected  to  ever  higher 
stresses  by  the  SST  at  maximum  gross  weight.  Nevertheless ,  should  it  become 
necessary  to  overlay  any  pavements  not  presently  programmed  for  improvement, 
the  thickness  requirements  of  nonrigid  overlays  adequate  for  DC -8-55  loadings 
would  exceed  those  of  the  2707  by  fractions  of  an  inch.  Therefore, 
although  the  2707  would  create  the  greater  stress  on  existing  rigid 
pavements,  the  costs  of  strengthening  overlays  would  be  attributable  entirely 
to  the  DC-8-55. 

Flexible  Pavements  -  Miami's  airport  has  been  under  development  since 
the  mid-1920's,  and  a  wide  variety  of  flexible  paveaent  sections  nay  be  found 
there  today.  Some  of  the  older  and  lighter  pavements  have  been  reconstructed; 
others  of  marginal  strength  have  received  asphaltic  concrete  overlays.  As  a 
result,  all  of  Miami's  flexible  pavements  are  now  12  or  more  inches  thick.  It 
Is  expected  that  the  Dade  County  Fort  Authority's  program  of  annual  inspection 
and  correction  will  continue,  and  that  its  pavements  will  always  ha  adequate 
for  the  loads  thsy  are  required  to  carry. 

The  authority 'a  current  standards  for  flexible  pavement  include  8  to 
12  inches  of  stabilised  subbaae,  10  to  12  inches  of  Miami  Oolitic  lime rock,  and 
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2  inches  of  asphaltic  concrete  surface  course. 
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The  FAA  method  of  flexible  pavement  design  has  been  used  in  the 
present  investigation  to  determine  the  pavement  thicknesses  required  for  the 
DC -8-55  and  the  Model  2707.  For  the  recommended  subgrade  classification  of  Fa, 
the  DC-8  requires  lljr  inches  of  pavement  in  critical  pavement  areas  and  the  2707, 
11  Inches. 

It  is  concluded,  therefore,  that  all  of  Miami's  flexible  pavements 
are  compatible  with  the  2707. 

3.10.2  Requirements  for  Hew  Pavements 

Fillets  -  The  fillets  at  existing  pavement  intersections  on  Miami 
International  Airport  were  carefully  investigated,  using  both  plans  and  aerial 
photographs . 

The  general  assumptions  and  criteria  leading  to  the  standards  adopted 
for  the  present  evaluation  may  be  found  in  paragraph  2. 2. 2. 3  of  this  report. 

The  specific  assumptions  made  for  the  investigation  of  the  fillets  at  Miami  are 
as  follows ; 

(1)  If  runway  12-30  were  to  remain  at  its  current  length, 
several  of  the  exit  taxi ways  nearest  to  the  runway  12 
landing  threshold  would  receive  little  or  no  use  by  the 
88T.  As  Plate  KIA-1  indicates,  however,  the  runway  is 
to  be  extended.  Aa  a  result,  the  exit  taxiways  in 
question  will  be  used  routinely  by  the  SST.  The  assuaip- 


s 
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tion  ha*  bean  aade  that  the  planned  extension  will  be 
completed  prior  to  the  introduction  of  the  SST. 

(2)  Runway  17-35  will  have  bean  decommissioned  prior  to  tbe 
advent  of  tbe  88T. 
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(3)  The  Dade  County  Port  Authority  has  a  continuing  program 

of  fillet  improvement,  and  it  is  possible  that  some  fillets 
will  he  improved  prior  to  the  introduction  of  the  SST 
However,  the  present  investigation  takes  into  account  only 
those  fillet  improvements  that  are  firmly  planned  for  1967. 

(4)  The  continuing  growth  of  air  traffic  at  Miami  has  already 
led  the  Port  Authority  to  investigate  the  necessity  for 
expansion  of  the  terminal  area.  It  is  now  anticipated 
that  an  expansion  of  the  apron  to  the  west  will  have  been 
accomplished  before  the  initiation  of  SST  service.  For  this 
reason,  the  fillets  on  the  t*  min&l  area's  peripheral  taxi- 
ways  were  excluded  from  the  investigation  of  pavement 
geometry . 

Runway  9L-27R,  one  of  the  two  runways  receiving  primary  use  at  Miami 
International,  is  200  feet  wide.  This  circumstance  tends  to  minimize  the  need 
for  and  costs  of  filler  modifications  to  accommodate  the  2707. 

Each  fillet,  that  would  be  traversed  by  the  SST  was  investigated 
individually.  A  total  of  147  fillets  waB  studied.  It  was  determined  that  15 
fillets  would  require  improvements  if  the  criteria  stated  in  paragraph  2. 2. 2. 3 
were  to  be  observed  at  Miami . 

The  following  tabulation  presents  our  assessment,  which  is  believed 
to  be  reasonable  and  conservative,  of  the  number  of  fillets  requiring  improve¬ 
ments,  by  type  of  intersection  and  class  of  usage. 
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PAVEMENT  FUNCTION  AND  USAGE* 


Taxiway-taxiway 
Normal  usage 
Rare  usage 

Runway-taxiway 
Normal  usage 
Rare  usage 


Intersection 


No.  of  Pavements 
Adequate  as  Nov; 
Constructed 


No.  of  Pavements 


Taxiway- termin'^!,  apror 
Normal  u^age 
Rare  usage 

At  holding  aprons 
Normal  usage 
Rare  usage 

On  maintenance  area  routes 
Rare  usage 
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TOTAL  number  of  fillets  investigated  132  15 

♦For  definitions  of  "normal."  and  "rare"  usage  and  for  the  operational  criteria 
associated  therewith,  see  paragraph  2. 2. 2. 3  of  this  report. 

Holding  Aprons  -  There  are  holding  aprons  at  each  end  of  each  of  the 
four  runways  at  Miami.  All  hut  two  of  the  eight  aprons  meet  the  criteria 
stated  in  paragraph  2. 2. 2. 4.  The  two  inadequate  aprons  are  located  at  the  ends  of 
runway  17-35 •  In  conjunction  with  the  anticipated  terminal  apron  expansion 
previously  mentioned,  this  runway  (which  is  used  only  rarely  by  the  airlines) 

| 

will  be  either  abandoned  or  relocated  farther  to  the  west. 

In  addition  to  the  holding  aprons  at  the  runway  thresholds,  there  are 
supplementary  aprons  located  approximately  1,300  feet  from  the  thresholds  of 
runways  9®  and  94*  It  is  considered  extremely  unlikely  that  such  aprons  would 
ever  be  utilized  by  SST  aircraft,  and  no  improvements  to  them  have  been 
anticipated. 


REV  SYM 


B0  D6A10SS82-1 

Ain*  1  1  ' 


?MI  151 


6*7000 


a  9*Sl  QV 


3.10.3  Evaluations  of  Structures 


Box  Culverts  -  Aircraft  loadings  are  carried  directly  by  box  culverts 
installed  in  places  to  carry  the  flows  of  shallow  drainage  canals.  One  such 
rAructure  loops  around  the  west  side  of  the  terminal  area  at  distances  ranging 
from  100  to  400  feet  from  the  face  of  the  terminal  building.  Since  it  is  anti¬ 
cipated  that  gate  positions  for  the  SST  would  be  at  least  450  feet  farther  out, 
this  drainage  structure  was  not  investigated. 

Another  box  culvert  has  been  installed  ax  the  taxiway  entrance  to 
the  National  Airlines  maintenance  area.  It  was  not  investigated  for  two  reasons: 
first,  the  existing  maintenance  area  is  not  likely  to  be  used  for  maintenance 
on  2707;  second,  should  the  aircraft  enter  the  area,  there  is  little  if  any 
likelihood  that  they  would  have  heavy  passenger  or  fuel  loads  on  board  either 
when  entering  or  leaving. 

Pipes  and  Conduits  -  Owing  to  the  high  level  of  ground  water  at  Miami, 
pipe  and  conduit  have  been  installed  with  shallow  cover  under  both  rigid  and 
flexible  pavements.  In  recognition  of  the  effects  on  such  installations  of 
live  loads  transmitted  through  shallow  cover,  great  precaution  has  been  taken 
in  their  selection  and  installation.  From  the  available  data  it  is  judged  that 
all  pipes  and  conduits  beneath  airfield  pavements  are  within  the  range  of 
acceptable  conditions  as  defined  in  paragraph  2.2.3>  and  therefore  are  considered 
compatible  with  the  2707. 

3*10.4  Terminal  Area  (See  Plate  MIA-2) 

The  terminal  area  at  Miami  comprises  a  long,  central  terminal  and 
services  building,  the  several  segments  of  which  form  a  "U,”  from  which  six 
concourses,  or  passenger  loading  piers,  extend  at  diverging  angles  of  30°. 
Concourse  4,  the  International  Building,  is  in  the  form  of  a  "T";  the  others 
are  linear,  some  with  end  some  without  angular  turns.  The  resulting  apron 
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areas  lend  themselves  conveniently  to  the  arrangement  of  aircraft  of  various 
space  requirements,  with  the  smaller  aircraft  assuming  positions  near  the  base 
of  the  pier  and  the  larger  aircraft  occupying  the  gates  farther  out. 

3.10.4.1  Maneuvering  and  Docking 

Seventeen  SST  parking  positions  have  been  indicated  (see  Plate  MIA-2) 
at  the  six  Miami  finger  piers:  two  each  at  Concoi’rses  1,  2,  and  6;  tnree 
at  Concourses  5  and  3;  and.  five  at  Concourse  4.  To  maintain  the  maximum  degree 
of  flexibility  for  maneuvering  the  2707,  as  well  as  smaller  aircraft,  various 
combinations  of  the  three  basic  parking  modes  -  nose-in,  parallel,  and  canted  - 
can  be  used,  as  required  by  the  geometry  of  the  concourses,  the  aprons,  and 
the  peripheral  apron  taxiway,  and  by  the  systems  of  passenger  loading  known 
to  be  preferred  by  the  airlines  serving  Miami.  The  particular  arrangements 
selected  have  been  checked  for  convenience  of  maneuvering,  effects  on  the 
availability  of  adjacent  gate  positions,  and  adaptability  to  existing  gate 
arrangements  and  loading  procedures. 

Because  there  are  no  firm  plans  for  the  terminal-area  expansion 
previously  discussed  in  this  section,  no  investigation  of  its  compatibility 
with  the  2707  could  be  made.  It  is  possible  that  new  facilities  that  cannot 
be  foreseen  at  this  time  will  be  provided  for  the  maneuvering  and  docking  of 
aircraft  larger  than  those  now  in  use. 

3.10.4.2  Passenger  Loading  Devices 

At  five  of  the  six  terminal  building  concourses,  some  use  is  made  of 
second-level  passenger  loading  devices.  Only  those  installed  at  the  outermost 
gate  positions  a.’e  of  concern  to  the  present  investigation.  A  summary  of  these 
is  given  below: 

Concourse  1  bi-rail-mounted  nose-loaders 

Concourse  2  none;  mobile  ramps  used 
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Concourse  3  bi-rail  nose-loaders 

Concourse  4  both  bi-rail  nose-loaders  and  mobile  ramps 

Concourse  5  swinging-telescoping  bridges  for  forward-door  loading, 
and  mobile  ramps  for  second-door  loading 

The  scheduled  modifications  to  Concourse  6  Include  the  installation 
of  bridges  similar  to  those  on  Concourse  5»  however,  their  locations  have  not 
been  fixed  as  of  this  writing. 

At  the  SST  gate  positions  shown  for  Concourses  1,  3>  and  4  the  length 
of  the  nose  of  che  2707  would  require  either  new  swinging-telescopic  loaders 
or  swing-loaders  in  conjunction  with  short  fixed  bridges.  An  alternative 
consideration  by  the  airport  operator  consists  of  simple  building  extensions  on 
which  the  rail  mounted  loaders  could  be  rehung.  This  solution  may  be  preferable 
to  the  operators,  since  the  loaders  would  be  retained  and  additional  badly-needed 
hold-roan  space  would  be  provided. 

At  the  three  gate  positions  shown  for  Concourse  5,  the  2707  can  be 
parked  close  enough  to  the  face  of  the  terminal  to  be  reached  by  the  existing 
swinging-telescoping  bridges.  Some  modification  to  the  bridges  would  be  needed 
to  enable  them  to  be  raised  to  the  level  of  the  sill  of  the  doors  of  the  2707. 

For  the  purpose  of  this  report,  new  extendable  1 oaders  and  swinging- 
telescoping  loaders  have  been  estimated,  where  needed.  The  estimates  for  the 
extendable  loaders  include  the  coats  cf  the  requisite  hold- room  expansions, 
which  would  replace  the  more  costly  telescoping  bridges  that  would  otherwise  be 
required.  Loaders  for  the  positions  indicated  at  Concourses  2  and  6  are  not 
considered  chargeable  to  the  SST,  since  none  now  exist  in  these  areas.  All 
positions  at  other  concourses  will  require  new  or  relocated  loaders. 


With  the  exception  of  the  loaders  used  for  the  SST's  forward 
door,  all  of  the  suggested  modifications  to  or  relocations  of  existing  loading 
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devices  would  result  in  equipment  that  could  be  used  equally  as  well  with  the 
large  subsonic  jets  as  well  as  the  SST. 

The  estimated  coat  of  modi  fications  to  existing  loading  devices  is 
an  average  based  upon  the  individual  estimates  made  for  the  gate  positions  shown 
on  Concourses  1,  3,  4,  and  5. 

3.10.4.3  Fueling  System 

Underground  hydrant  fueling  facilities  have  been  installed  at 
Concourses  3,  4,  5,  and  6.  The  system  at  Concourse  4  is  electrically  operated; 
those  at  the  other  concourses  are  actuated  by  pressure-sensing  devices.  An 
under-apron  transfer  system  has  been  installed  but  never  placed  in  service  at 
Concourse  1.  It  is  designed  to  delivery  fuel  received  from  tenders  at  the 
outer  edge  of  the  parking  apron  to  hydrants  located  under  the  aircraft  fueling 
receptables. 

The  costa  of  the  future  underground  systems  that  will  probably  be 
installed  eventually  at  Concourses  1  and  2,  are  not  considered  chargeable  to  the 
2707. 


The  existing  12-inch  and  14-inch  loops  serving  the  remaining  concourses 
are  sufficient  to  meet  the  requirements  of  the  SST.  A  system  of  new  laterals 
and  two  new  hydrants  at  each  position  would  be  required  for  the  2707  and  is 
reflected  in  the  cost  estimate. 


3.IO.5  Suamaiy  of  Estimated  Costs 
Item 

Improvements  tc  15  fillets 

Full-strength  pavement  •  $6/s.y. 

Shoulder  pavement 

Revisions  to  lights  and  signs 

Total  Estimated  Costs 


Estimated  Unit  Costs  Per  Gate  Position 

"  Passenger  loading  devices 

i  Fuel  system  modifications 

o 
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$  47,000 
12,000 
12.000 

$  71,000 


$110,000 

7,000 
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Of  the  17  gate  positions  determined  to  be  feasible  for  SSI-  usage, 

13  were  considered  in  the  estimation  of  the  average  unit  cost  of  passenger 
loading  devices,  quoted  above.  The  average  unit  coat  per  gate  position  of 
fuel  system  modifications  was  obtained  by  averaging  the  individual  gate  costs 
for  the  13  SST  gates  where  an  underground  fueling  system  exists  or  will  be 
installed  in  the  future. 
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3 . 11  Airport  Evaluation  -  O’hare  International  Airport  -  Chicago  -  ORD 
3.11.1  Structural  Evaluation  of  Pavement a 

Both  rigid  and  flexible  pavements  have  been  constructed  at  O'Hare 
International  Airport.  In  seme  places,  the  rigid  pavements  have  received 
bituminous  overlays.  Engineers  of  the  Chicago  Department  of  Aviation  recommend 
the  use  of  a  subgrade  modulus  of  reaction  of  k  =»  100  for  the  design  of  rigid 
pavements  and  an  FAA  soil  strength  classification  of  Tk. 

Rigid  Pavemunts  -  The  critical  areas  at  the  ends  of  rummy  l4R-3?L, 
four  of  its  exit  tazLways,  sections  of  the  taxiway  parallel  to  it  and  the 
terminal  area  apron  consist  of  15-inch-thick  concrete  pavfsne**'1-  over  12-ir*r*h 
of  crushed-stone  base.  The  modulus  of  reaction  recommended  for  use  on  top  of 
the  stone  base  is  k  *  190. 

For  such  conditions,  it  is  calculated  that  both  the  SST  and  the 
DC-8-55  induce  flexural  stresses  about  6  per  cent  higher  than  the  recommended 
maximum  allowable,  which  is  330  pounds  per  square  inch. 

The  noncritical  length  of  runw«y  14R-32L  is  an  11-inch-thick  concrete 
pavement  supported  by  a  16- inch- thick  base.  The  recommended  modulus  of 
reaction  at  the  top  of  the  base  is  k  ®  230,  and  the  maximum  flexural  stress 
allowed  in  the  concrete  is  390  pounds  per  square  inch. 

The  calculated  stresses  induced  by  the  DC-8-55  and  the  2707  in  this 
pavement  are  approximately  51  per  cent  higher  than  the  allowable  recommended. 

Borne  ov.  .-lays  have  bean  placed  in  the  past,  which  is  an  indication 
that  calculated  overstresses  of  this  magnitude  are  unacceptable .  Since  the 
stresses  induced  by  some  of  today's  vehicles  are  no  Isms  than  those  that  the  fully- 
lomded  2707  would  Induce,  none  of  the  costs  of  such  pavement  improvements  ms 
may  bt  required  for  the  noacritical  area  of  runway  14R-32L  should  be  attributable 
to  the  BBT. 
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Runway  14L-32R  and  taxiwaya  serving  it  are  12-inch-thick  concrete 
pavement a.  Asphaltic  concrete  overlays  ranging  in  thickness  from  two  to  four 
inches  have  been  placed  over  much  of  the  original  construction.  The  flexural 
stresses  induced  in  all  of  these  pavement c  are  somewhat  higher  for  DC -8-55 
loadings  than  for  2707  loadings.  The  cos+c  of  any  future  pavement  improve¬ 
ments,  therefore,  would  not  be  attributable  to  the  SST. 

Flexible  Pavements  -  The  FAA  method  was  used  to  design  0 'Hare' 6 
flexible  pavements,  which  are  27  and  29  inches  thick.  The  Boeing  Company* * 
analyses  of  the  pavement  thickness  needed  for  operations  by  the  DC-8-55  and 
the  2707  result  in  a  25.5-inch  requirement  for  the  former  and  a  23. 5-inch 
requirement  for  the  latter.  Since  such  thicknesses  are  equalled  or  exceeded 
by  all  existing  flexible  sections,  it  is  anticipated  that  the  SST  will  be 
compatible  with  them. 

3*11*2  Requirements  for  Hew  Pavements 

Fillets  -  Tnc  fillets  at  existing  pavement  intersections  on  O'Ha-e 
International  Airport  were  carefuly  investigated.  The  geometries  of  the  fillets 
were  token  from  plans  made  available  by  the  airport's  operator  and  verified, 
as  constructed,  from  an  aerial  photograph. 

The  general  assumptions  and  criteria  leading  to  the  standards  adopted 
for  the  present  evaluation  may  be  found  in  paragraph  2. 2. 2. 3  of  this  report. 

The  specific  assumptions  made  for  the  investigation  of  the  fillets  at  O'Hare 
are  ea  follows : 

(1)  Existing  runways  9-27  and  4-22  will  almost  certainly  be 
decommissioned  prior  to  the  introduction  of  SST  operations. 

(2)  Turns  of  l8o°  between  the  inner  and  outer  circular  apron 
taxivsy*  arc  rarely  made.  Furthermore,  consecutive  90° 
turns  made  in  opposite  direct ions  between  these  two  taxiwaya 

_ are  raralv  aadr, _ _ _ _ 


D6A10582-1 

a*es  160 

REV  SYM 


AO  1546  O 


-«► 

4  ) 


Many  of  the  toxiways  at  O'Hare  have  been  built  to  a  width  of  100 


feet,  and  runway  14R-32L  1b  200  feet  wide.  This  circumstance  tendfi  t.o  minimize 
the  need  for  and  coats  of  fillet  modifications  to  accommodate  the  2707* 

Each  fillet  that  would  be  traversed  ty  the  SST  was  investigated 
individually.  A  total  of  101  fillets  and  five  curved  taxiways  was  studied.  It 
was  determined  that  9  fillets  would  require  improvements  if  the  criteria  stated 
in  paragraph  2.2. 2. 3  are  to  be  observed  at  O'Hare.  The  curved  taxiways  were 
found  to  be  adequate. 

The  following  tabulation  presents  our  assessment,  which  ia  believed 
to  be  reasonable  and  conservative,  of  the  numbers  of  fillets  requiring  improve¬ 
ments,  by  type  of  intersection  and  class  of  usage. 

PAVEMENT  FUNCTION  AND  USAGE* 


Fillets:  by  Type  of  Intersection 


No.  of  Pavements 
Adequate  as  Now 
Constructed 


No.  of  Pavements 
To  be  Improved 


Taxiway-taxiway 
Normal  usage 
Rare  usage 

Runway-tar.ivay 
Normal  usage 
Rare  usage 

Inner  and  outer  circular  taxiway a 
Normal  usage 

At  holding  aprons 
Normal  usage 

On  maintenance  area  routes 
Rare  usage 

TOTAL  number  of  fillets  investigated 

Curves  taxi ways 
Normal  usage 


*For  definitions  of  "normal"  and  "rare"  usage,  and  for  the  operational  criteria 
associated  therewith,  see  paragraph  2. 2. 2. 3  of  this  -eport. 
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The  total  costa  for  the  improvements  to  the  pavements  tabulated  in 
the  right  column  above  and  shown  on  Plate  ORD-i  are  attributable  to  the  2707. 

They  have  bean  estimated  using  current  cons* ruction  costs,  and  the  results  are 
summarized  at  the  end  of  this  section. 

Holding  Aprons  -  The  holding  aprons  at  the  thresholds  of  runway  l4R- 
32L  are  not  adequate  for  the  270?  by  the  criteria  stated  in  paragraph  2.2. 2.4. 

Each  will  require  a  widening  of  approximately  40  feet.  Costs  for  this  additional 
paving  have  been  assessed  against  the  SST  and  are  included  in  the  cost  summary 
at  the  end  of  this  section. 

The  three  other  aprons  that  presently  exist  are  inadequate.  However, 
one  of  them  will  cease  to  be  useful  for  holding  at  the  threshold  when  the 
planned  extension  to  the  northwest  of  runway  14L-32R  is  accomplished.  Another 
is  on  existing  runway  9-27,  which  will  be  decommissioned,  as  previously  noted. 

The  third,  which  is  not  located  at  a  threshold,  is  used  to  hold  inbound  air-  I 

craft  when  the  terminal  area  aprons  cannot  accept  them  immediately  after  landing.  ■ 

It  is  not  foreseen  that  this  apron  would  be  used  for  holding  SST's.  ( 

As  a  result  of  the  above  findings,  no  costs  have  been  estimated  for 
the  expansion  of  these  latter  holding  aprons. 

3.11.3  Evaluations  of  Structures 

Bridges  and  Culverts  -  A  circumferential  taxiway  bridge  is  being 
completed  over  the  airport  access  highway.  It  has  been  designed  for  a  hypothe¬ 
tical  aircraft  of  600,000-pound  maximum  gross  weight.  Although  the  2707  is 
75)000  pounds  heavier,  the  configuration  of  its  main  landing  gear  (see 
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paragraph  2.1),  in  comparison  with  the  bridge  design  criteria,  is  such  that 
the  loads  are  more  advantageously  distributed. 

Investigation  of  stresses  and  foundation  bearing  pressures  indicates 
that  the  structure  will  be  compatible  with  the  2?07. 

Pipes  and  Conduits  -  From  the  available  data,  it  is  judged  that  all 
pipes  and  conduits  beneath  airfield  pavements  are  within  the  range  of  acceptable 
conditions  as  defined  in  paragraph  2.2.3,  and  therefore  may  be  considered 
compatible  with  the  2707. 

3.11.4  Terminal  Area  (See  Plate  ORB- 2) 

The  terminal  area  at  O'Hare  International  Airport  is  basically 
patterned  on  the  central-terminal- and- finger-pier  concept.  The  central  domestic 
terminal  is  actually  two  buildings  branching  from  a  circular  central  services 
core.  The  international  terminal  is  located  away  from  the  domestic  terminal, 
but  connected  to  it  by  concourses. 

Five  finger  concourses  extend  into  the  apron  area  from  this  terminal 
complex.  The  pattern  is  one  of  alternating  'V-shaped  and  linear  buildings  so 
arranged  that  the  two  linear  buildings  are  parallel  to  and  about  700  feet  clear 
of  branches  of  the  "Y”-shaped  buildings  that  flank  them  on  both  sides.  The 
branches  of  the  two  "Y"-shaped  domestic  concourses  have  an  interior  angle  of 
about  70°.  At  the  "Y"  serving  the  international  arrivals  terminal,  the  interior 
angle  is  about  60°.  The  master  plan  for  the  terminal  area  shows  that  two 
additional  linear  fingers  are  planned,  one  at  each  end  of  the  existing  pattern. 
3.11.4.1  Maneuvering  and  Docking 

Maneuverability  studies  of  existing  facilities  indicate  that  there 
are  at  least  19  parking  positions  where  the  2707  could  be  readily  accommodated. 
As  may  be  seen  on  Plate  0RU-2,  the  finger  pier  configuration  readily  lends 
itself  to  canted  parking  at  interior  positions  and  to  parallel  parking  at  end 
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positions.  Both  modes  of  parking,  when  used  in  Bach  circumstances,  have  the 
inherent  advantage  of  minimi ting  both  the  need  for  and  extent  of  modifications 
to  existing  passenger  loading  devices  and  the  required  lengths  of  new  loaders . 

No  parking  studies  were  made  of  the  two  linear  concourses  proposed 
in  the  master  plan  of  the  terminal  area  because  of  the  status  of 
planning.  The  parking  arrangements  shown  allow  taxi way  clearances  for  forth¬ 
coming  jumbo  Jets,  however,  some  restriping  may  be  required,  and  single  lane 
traffic  must  be  utilized  on  the  inner  aprons  where  two-way  traffic  is  now  the 
practice . 

3.11.4.2  Passenger  Loading  Devices 

An  inventory  was  made  of  the  passenger  loading  devices  presently  in 
use  at  O'Hare.  Four  models  have  been  installed: 

(1)  swinging-telescoping  bridges  with  a  maximum  extension  of 
107  feet; 

(2)  rail-mounted  nose-loaders  having  about  6  feet  of  horizontal 
travel; 

(3)  swinging  nose-loader  (one  installed); 

(4)  swinging,  extensible  nose-loader  (or.?  installed). 

With  the  typical  canted  parking  position  shown  it  is  possible  to 
utilize  the  swinging-telescoping  bridges  existing  at  seme  locations.  These 
bridges  would  have  to  be  modified  vertically  in  order  to  reach  the  door-sills 
of  the  2707- 

At  Pier  D,  four  existing  swinging-telescoping  loaders  could  he 
modified  and  utilised  for  two  of  the  three  parking  positions  shown.  Two  new 
loaders  would  be  required  to  serve  the  SST  parked  at  the  end  position. 

The  end  position  at  Concourse  "S"  would  requir  replacement  of  nose- 
loaders  with  new  loaders.  The  center  position  could  he  served  by  one  existing 
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loader,  after  the  necessary  modifications,  and  by  cne  new  loader  at  a  new 
location.  The  Interior  position  could  be  served  by  modifying  ths  two  existing 


loaders . 


At  Concourse  "F,”  the  end  positions  would  require  new  equipment. 


Both  interior  positions  shown  could  be  served  with  the  existing  swinging¬ 
telescoping  loaders,  appropriately  modified. 

Each  of  the  two  parking  positions  shown  at  Concourse  f>G"  coaid  be 
serviced  by  modification  of  existing  equipment. 


'  (J  $ 


I  The  remaining  positions  at  Concourses  "B,  "C,  "H,  and  K  would 

require  new  loaders.  Since  there  is  no  existing  second-story  loading  equipment 
at  Concourses  "B"  and  "C,"  none  of  the  costs  of  such  equipment  have  been 
attributed  to  the  2707.  At  Concourses  "H"  and  "K,"  however,  there  are  existing 
bi-rail  loaders;  hence,  the  costs  of  new  equipment  have  been  judged  attributable 
to  the  SST. 

3.11.4.3  Fueling  System  Modifications 

Except  at  the  International  Arrivals  Building,  where  the  existing 
system  has  been  abandoned,  all  concourses  are  served  by  loop  fuel  systems  having 
a  combined  capacity  of  46,300  g.p.a.  At  present,  the  typical  jet  gate  position 
is  served  by  two  sets  of  unde wing  hydrants,  each  of  which  is  connected  to  a 
different  supply  loop. 

At  each  of  the  S3T  positions  shown  on  Plate  QRD-2,  two  new  fueling 
hydrants  are  considered  to  be  necessary  to  permit  the  2707  to  be  refueled 
at  its  maximum  rate.  To  serve  these  new  hydrants,  new  laterals  have  been  pro¬ 
vided  for  in  the  cost  estimates. 

The  average  cost  of  additional  hydrants  reported  in  the  summary  at 
the  end  of  this  section  was  obtained  from  the  total  of  the  individual  estimates 

O 

$  for  each  position  shown,  with  the  exception  of  those  positions  at  the 
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International  Arrivals  Building  (Concourse  BC). 

3.11.5  Sumnary  of  Estimated  Costs 

Item  Estimated  Cost 


Modification  of  9  fillets 

Pull-strength  pavement  @  $lo/s.y.  $  24,000 

Shoulder  pavement  20,000 

Revisions  to  lights  and  signs  12,000 

Widening  of  2  holding  aprons 

Full-strength  pavement  @  $10/s.y.  44,000 

Shoulder  pavement  14,000 

Revisions  to  lights  3,000 

Total  Estimated  Costs  $117,000 

Estimated  Unit  Costs  Per  Gate  Position 

Passenger  loading  devices  50,000 

Fuel  system  modifications  12,000 


Of  the  19  gate  positions  determined  to  be  feasible  for  SST  usage, 
15  were  considered  in  the  estimation  of  the  average  unit  cost  of  passenger 
loading  devices  and  fuel  system  modifications  quoted  above. 
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3.12  Airport  Evaluation  -  Portland  International  Airport  -  FDX 
3.12.1  Structural  Evaluation  of  Pavements 

All  pavements  at  Portland  International  Airport  are  flexible.  They 
have  been  constructed  partly  on  a  dredged  sand  of  variable  thickness,  but 
principally  on  existing  flood  plain  deposits,  which  are  clay  and  silt  soils. 

The  following  subgrade  ratings  have  been  recommended  by  the  Port  of 
Portland  Aviation  Department: 

Area  l)  Runway  10L-28R,  adjacent  taxiwaya,  and  terminal  apron: 

CBR  =  10.6 


Area  2)  Runway  10R-28L  and  adjacent  taxiwaya:  CBR  -  15 
The  pavements  in  Area  1  are  37  inches  thick.  In  Area  2,  a  recent 
2-inch-thick  bituminous  overlay  placed  on  the  original  bituminous  surfaces  has 
brought  the  critical-area  pavements  up  to  a  total t  hickness  of  26  inches  and 
the  noncritical  paveaienta  to  23  inches. 

The  comparison  of  pavement  thickness  requirements,  in  Inches,  as 
determined  by  the  Corps  of  Engineers'  method  is  as  follows: 


Critical 

Noncritical 

DC-8-55  2707 

. 2797, 

Area  1  (CBR  »  10.6) 

31 

33 

26 

30 

Area  2  (CBR  -  15) 

23 

25 

21 

22.5 

a 

i 

O 

4 


Since  the  required  thicknesses  are  exceeded  everywhere  by  the  actual 
thicknesses,  it  is  concluded  that  the  existing  pavements  are  adequate  to  sustain 
the  maximum  gross  weight  of  the  3707.  Supporting  this  conclusion  is  the 
belief  that  the  88T  will  be  operated  infrequently  at  maximum  gross  weight  at 
Portland  International  Airport. 

3-12.2  Requirements  for  Hew  Pavements 

Fillets  -  The  fillets  at  existing  pavement  intersections  on  Portland 
International  Airport  were  carefully  investigated.  The  geometries  of  the  fillets 


f 


REV  SYM 


ho,  D6A10582-1 
**ot  X69 


••TOSS 


Ho 


were  taken  from  plans  made  available  by  the  airport's  operator  and  verified, 
as  constructed,  from  an  aerial  photograph. 

The  general  assumptions  and  criteria  leading  to  the  standards  adopted 


for  the  present  evaluation  may  be  found  in  paragraph  2. 2. 2. 3  of  thiB  report. 

The  one  specific  assumption  made  for  the  investigation  of  the  fillets  at  Portland 
was  that  the  few  fillets  that  are  presently  substandard  in  terms  of  the  FAA's 
recommendations  will  have  been  brought  up  to  those  recommendations  before  the 
SST  enters  service.  This  assumption  is  based  on  information  received  from  the 
airport's  operator. 

Runway  10R-28L  has  been  built  to  a  width  of  200  feet.  This  circum¬ 
stance  tends  to  minimize  the  need  for  and  costs  of  fillet  modifications  to 
accommodate  the  2707* 

jfiach  fillet  that  would  be  traversed  by  the  SST  was  investigated 
individually.  From  the  layout  of  the  parallel  runways  and  their  connecting 
taxiway s,  it  appears  that,  when  operations  are  into  the  west,  takeoffs  are  from 
28L  and  landings  are  made  on  28R.  When  the  direction  of  operation  is  reversed, 
takeoffs  are  from  10L  and  landings  are  made  on  10R.  Nevertheless,  it  has  been 
assumed  that  arrivals  and  departures  will  be  made  in  each  direction  on  both 
runways. 

k  total  of  42  fillets  and  three  curved  taxiways  was  studied.  It  was 
determl  •'d  that  one  fillet  should  be  improved  if  the  criteria  stated  in  paragraph 
2. 2. 2. 3  1  to  be  observed  at  Portland.  The  curved  taxiways  were  found  to  be 
adequate. 

The  following  tabulation  shows  the  numbers  of  fillets  studied  and 
those  requiring  improvements,  by  type  of  intersection  and  class  of  usage. 
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PAVatEHT  FUNCTIOH  AUD  USAGE* 


Fillets;  by 


of  Intersection 


Ho.  of  Pavements 
Adequate  as  How 
Constructed 


Ho.  of  Pavements 
To  be  Improved 


Taxivay-taxivay 

Normal  usage  8  1 

Rare  usage  8  0 

Runw&y-taxiway 

Normal  usage  8  0 

Rare  usage  8  0 

Taxiway -term!  rial  apron 

Normal  usage  7  0 

Rare  usage  1  0 

At  holding  aprons 

Normal  usage  1  o 

TOTAL  number  of  fillets  investigated  4l  1 

Curved  taxi ways 

Normal  usage  3  0 

♦For  definitions  of  "normal"  and  "rare"  usage,  and  for  the  operational  criteria 
associated  therewith,  see  paragraph  2. 2. 2. 3  of  this  report. 

The  total  costa  for  the  improvmsents  to  che  pavamerta  tabulated  in 
the  right  column  above  and  shown  on  Plate  FEK-1  have  been  estimated  using 
current  construction  coats,  and  the  results  are  sussaarised  at  the  end  of  this 


section. 


Holding  Aprons  -  The  holding  aprons  located  near  the  thresholds  of 


runways  1QL  and  26l  are  both  inadequate  by  the  criteria  outlined  in  paragraph 
2. 2. 2. 4.  The  cost  of  enlarging  these  aprons  is  attributable  to  the  8ST  and  has 
bean  Included  in  the  coet  summary  of  this  report. 

3.12.3  Evaluation  of  Structuree 

Pipes  and  Conduits  -  From  the  available  date,  it  is  judged  that  all 
pipes  and  conduits  beneath  airfield  pavements  are  within  the  range  of  acceptable 
conditions  as  defined  In  paragraph  2.2.3,  and  therefore  are  considered 
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{  compatible  with  the  27u7- 
I  3 , 12 . 4  Terminal  Area  (See  Plate  PDX-2) 

The  terminal  area  at  Portland  International  Airport  is  patterned  on 
the  concept  of  the  central  terminal  with  finger  piers.  Two  piers,  providing  a 
total  of  24  gate  positions,  extend  divergently  from  Portland’s  central  terminal 
building.  The  clear  distance  between  them  at  their  ends  is  approximately  8oo  | 

feet,  which  provides  ample  maneuvering  space.  The  angle  of  convergence  of  the 
piers  is  such  that  the  2707  could  maneuver  well  into  the  apron  area.  However, 
neither  of  the  two  interior  gate  positions  adjacent  to  the  terminal  building 
are  recommended  for  use  by  the  2707  because  of  blast  considerations. 

An  extension  of  the  north  pier  has  been  proposed,  but  construction  has 
not  yet  started. 

3.12.4.1  Maneuvering  and  Docking 

The  Portland  airport  management  has  indicated  that  two  SST  gate 
positions  will  probably  be  adequate  initially.  To  attain  the  maximum  degree 
of  flexibility  in  maneuvering,  one  gate  each  at  the  two  existing  piers  could  be 
utilized.  As  shown  on  Plate  PDX-2  adequate  space  is  available  to  accommodate 
additional  positions  if  and  when  they  are  needed. 

The  two  parking  positions  shown  have  been  investigated  for  feasibility 
of  convenient  maneuvering,  effects  on  the  availability  of  adjacent  gate  positions, 
and  adaptability  to  the  existing  gate  arrangements  and  passenger  loading  procedure i. 
Clearance  for  forthcoming  Jumbo  Jets  has  been  maintained  on  the  apron  taxiways. 

3.12.4.2  Passenger  Loading  Devices 

Nine  gate  positions,  located  near  the  base  of  the  piers,  currently 
have  passenger-loading  bridges.  The  remaining  15  gates  utilize  mobile  ramps  to 
load  and  unload  passengers.  The  loading  devices  are  of  three  different  kinds. 

(l)  Six  rail-mounted  nose-loaders  having  about  six  feet  of 

horizontal  travel;  _  _ 
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(2)  Two  swinging-nontelescoping  nose-loaders; 

(3)  One  swinging-nontelescoping  loam.  *  with  rotating  cab. 

Where  rail-mounted  nose-loaders  are  now  installed  on  the  outer  peri¬ 


meter,  it  would  be  necessary  to  provide  a  new  loader  of  the  necessary  length 
to  clear  the  canard  of  the  2707  and  meet  the  door  height.  Initially,  only 
forward  door-loading  will  be  required  at  Portland  International,  so  one  new 
loader  will  be  required  at  each  2707  position. 

The  Port  of  Portland  is  presently  planning  a  thorough  study  of 
terminal  area  requirements  for  the  coming  generations  of  airline  aircraft, 
and  it  may  well  be  that  improvements  made  for  new,  large  subsonic  jets  will 
result  in  facilities  that  are  compatible  with  the  2707-  Nevertheless,  the 
costs  estimated  for  new  passenger-loading  devices  are  attributed  in  full  in 
the  summary  of  costs. 

3.12.4.3  Fuel  System  Modifications 

Aircraft  fueling  is  now  performed  with  mobile  tenders  which  are 

t 

operationally  flexible  and  can  be  furnished  in  quantities  sufficient  to  supply 
the  needs  of  the  2707 .  Although  fueling  by  tenders  may  require  slightly  more 
time  than  fueling  by  underground  systems,  the  total  annual  gallonage  pumped  at 
Portland  is  not  anticipated  by  the  airport’s  authorities  to  warrant  the  install' 
atlon  of  an  underground  system.  However,  should  such  a  system  be  installed,  it 
is  assumed  that  the  initial  installation  would  be  made  compatible  with  the 
demands  of  the  supersonic  transport. 

3.12.5  Summary  of  Estimated  Costa 

Item  Estimated  Coat 

Modification  of  one  fillet 

Full-strength  pavement  @  $8/s.y.  $10,000 

Revisions  to  lights  and  signs  1,500 
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Item 

Widening  of  holding  aprons 
Ap^on  28L 

Full-strength  pavement  @  $8/s.y. 
Revision  to  lights 

Apron  10L 

Full-strength  pavement  @  $8/s.y. 
Revision  to  lights 

Total  Estimated  Costs 

Estimated  Unit  Costs  Per  Gate  Position 
Passenger  loading  devices 


Estimated  Cost 


$17, 800 

500 


14,200 

500 

$44,500 


4o,ooo 

Both  of  the  two  gate  positions  determined  to  be  feasible  for  SST 
usage  were  considered  in  estimating  the  average  unit  cost  quoted  above. 

NOTE:  Plates  PDX-1  and  PDX-2  do  not  reflect  the  latest  Master  Planning 

information.  This  information  was  received  too  late  to  be  incorporated 
into  the  airport  and  terminal  layouts.  The  differences  are  minor, 
however,  and  do  not  affect  the  study  results;  and  since  the  planning 
is  not  yet  final,  it  was  felt  that  updating  the  layouts  was  not 
warranted. 
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FEASIBLE  SST  GATE  POSITIONS 

FACILITIES  PROPOSED  IN  CURRENT 
AIRPORT  MASTER  PLAN 
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3.13  Airport  Evalua'  ion  -  Philadelphia  International  Airport  -  FHL 
3.13.I  Structural  Evaluation  ot  Pavements 

Both  rigid  and  flexible  pavements  have  been  constructed  at  Philadelphia 
International  Airport.  Some  sections  of  rigid  pavement  have  received  bit.uminouB 
overlays . 

Most  of  the  airport  pavements  have  been  or  are  being  constructed  on 
sand  fills  that  have  been  placed  hydraulically  and  allowed  to  settle  over  a 
tidal  marsh. 

Rigid  Pavements 

The  terminal  apron  and  certain  of  the  existing  taxiways  are  12- inch- 
thick  portlsnd  cement  concrete.  Engineers  of  the  Division  of  Aviation  recommend 
a  value  for  the  modulus  of  reaction  of  the  subgrade  of  k  =  250.  They  also 
recommend  the  use  of  a  maximum  allowable  flexural  stress  in  the  slabs  of  295 
pounds  per  square  inch.  The  choice  of  the  latter  value  is  based  upon  their 
observations  of  the  performance  of  the  rigid  pavements  that  have  required 
overlays . 

The  Boeing  Company's  analyses  of  the  stresses  that  would  be  induced 
by  the  DC-8-55  and  the  2707  on  Philadelphia's  rigid  pavements  show  that  each 
would  cause  serious  stress  conditions! 


i 

O 

< 


DC-8-53  9  328,000  pounds  149  per  cent  of  allowable 

2707  @  675 * 000  pounds  144  per  cent  of  allowable 

Since  the  SST  would  create  the  lesser  overstress,  no  costs  have  been 
allocated  to  it  for  the  improvements  of  rigid  pavements. 

Flexible  Pavements 

Little  is  known  with  certainty  of  the  thickness  or  composition  of  the 
airport's  original  pavements.  However,  data  are  readily  available  for  improve¬ 
ments  made  during  the  last  fifteen  years. 
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In  1951,  the  existing  east-west  runway  was  ■.  xtendeu  approximately 
2,300  feet  westward  on  a  subgrade  composed  of  f:  i'eef  of  selected  backfill 
classified  as  E-2  sull.  The  new  pavement  was  composed  of  an  11-inch-thick, 
drybound  macadam  base  and  a  3-inch-thick  bituminous  surface. 


In  1959,  a  further  extension  of  about  2,200  feet  was  added.  A  thick 
layer  of  selected  backfill  was  also  placed  for  this  extension.  The  upper  4 
feet  of  the  material  was  classified  as  an  E-2  soil  with  good  drainage  character¬ 
istics;  and  a  subgrade  classification  of  Fa  was  used  in  the  design.  The  l4£-inch- 
thick  pavement  structure  was  made  up  of  11  inches  of  waterbound  macadam  base 
and  3^  inches  of  bituminous  surface.  At  the  same  time,  a  minimum  of  l£  inch  of 
bituminous  overlay  was  added  to  the  previous  construction  of  runway  9-27* 

The  most  recent  design  for  a  flexible  pavement  at  Philadelphia  is  that 
for  the  taxiway  parallel  to  runway  17-35*  For  an  F2  subgrade  classification, 
the  pavement  section  specified  is  5  inches  of  subbase,  10  inches  of  penetrated 
macadam,  and  3  inches  of  bituminous  surface. 

Since  the  Engineers  Judge  that  the  old  construction  of  unknown  thick¬ 
ness  is  performing  as  well  as  the  newer  construction,  they  have  recommended  that 
the  present  investigation  of  Philadelphia’s  flexible  pavements  be  based  on  the 
known  FAA  subgrade  classification  of  F2  and  a  California  Bearing  Ratio  of  20. 

Use  of  the  methods  employed  by  the  FAA  and  the  Corps  of  Engineers 
for  the  design  of  flexible  pavements  in  critical  (ureas  yields  the  following 
required  total  thicknesses: 


DC -8-55 
2707 


FAA  Method 
18  inches 
16,5  inches 


C.  of  E.  Method 
18.5  inches 
20  inches 


By  the  Corps  of  Engineers'  method,  the  1959  extension  of  runway  9-27 
would  be  deficient  by  5$  inches.  However,  the  results  of  standard  teats 
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perfumed  on  the  selected  backfill  placed  there,  as  well  as  the  requirements 
of  the  specifications  under  which  it  was  placed,  indicate  that  at  leant  this 
much  of  the  backfill  may  be  considered  as  aubbase. 

It  is  concluded,  therefore,  that  the  existing  flexible  pavements  at 
Philadelphia  will  be  compatible  with  the  2707  and  that  planned  future  pavements 
will  be  at  least  equal  to  those  now  in  use. 

3*13*2  Requirements  for  New  Pavements 

The  requirements  for  new  pavements  have  been  reviewed  upon  the  assump¬ 
tion  that  all  of  the  proposed  work  shown  on  the  Airport  Plan,  Plate  HiL-l,  will 
be  constructed  by  the  time  the  8ST  is  operating.  It  should  be  noted  that  the 
complete  implementation  of  the  facilities  proposed  in  the  current  Master  Plain 
will  revise  and  eliminate  significant  sections  of  the  current  pavements, 
particularly  the  terminal  area  periphery  taxiway,  and  will  convert  runway  4-22 
into  a  taxiway.  Runway  9R-27L,  its  parallel  taxiway,  and  a  by-pass  taxiway 
system  are  currently  under  construction,  and  contract  drawings  for  the  work 
have  been  reviewed. 

Fillets  -  A  careful  investigation  was  made  both  of  fillets  at  existing 
intersections  that  are  to  remain  after  implementation  of  the  Master  Plan  and  >f 
fillets  that  are  to  be  constructed  at  new  pavement  intersections .  The  geometries 
of  existing  fillets  were  taken  from  plans  made  available  by  the  airport's 
operator  and  verified,  as  constructed,  from  an  aerial  photograph.  The  geometries 
of  fillets  currently  in  the  construction  stage  conform  to  the  FAA's 
recommendations . 

The  general  assumptions  and  critarla  leading  to  the  standards  adopted 
for  the  present  evaluation  may  be  found  in  paragraph  2. 2. 2. 3  of  this  report. 

Each  fillet  that  would  be  traversed  by  the  B8T  was  investigated  individ¬ 
ually.  A  total  of  66  intersection  fillets  and  two  curved  taxi ways  was  studied. 
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It  was  determined  that  the  two  curved  taxiways,  and  12  of  the  fillets,  would 
require  improvements  if  the  criteria  stated  in  paragraph  2. P.2.3  are  to  be 
observed  at  Philadelphia. 

The  following  tabulation  presents  our  assessment,  which  is  believed 
to  be  reasonable  and  conservative,  of  the  number  of  fillets  requiring  improve¬ 
ments,  by  type  of  intersection  and  class  of  usage. 

PAVEMENT  FUNCTION  AND  USAGE* 


No.  of  Pavements 


Fillets;  by  Type  of  Intersection 

Adequate  as  Now 
_ Constructed 

No.  of 

To  be 

Pavement a 
Improved 

Taxiway-taxiv&y 

Normal  usage 

9 

10 

Rere  usage 

18 

0 

Runway- taxiway 

Normal  usage 

9 

1 

Rare  usage 

13 

0 

Taxiway- terminal  apron 

See  above 

discussion 

Normal  usage 

k 

0 

At  holding  aprons 

Normal  usage 

JL 

1 

TOTAL  number  of  fillete  inveatigated 

56 

12 

Curved  taxi ways 

Normal  ueage 

.  A.  a  .  *  —  M  .  H  .  H 

0 

**  .  — 

2 

♦For  definitions  of  "normal"  and  "rare"  usage,  and  for  the  operational  criteria 


associated  therewith,  see  paragraph  2. 2. 2. 3  of  this  report. 

The  total  coats  for  the  improvements  to  the  pavements  tabulated  in 
the  right  column  above  and  shown  on  Plate  FHL-1  are  attributable  to  the  2707. 
They  have  bean  estimated  using  currant  construction  costs,  and  the  results  are 
summarized  at  the  and  of  this  section. 

Holding  Aprons  -  Zf  the  airport  is  developed  in  accordance  with  the 


,JO 


mmm*m tr 

uo.  DqsJ.0582- 

lfl0 

REV  JYM 


AD  1546  O 


current  Airport  Master  Plan,  there  will  be  a  total  of  six  holding  aprons  serving 
the  six  runway  thresholds.  Those  at  Runway  ends  9L,  9K>  27L,  and  35  are  either 
existing  or  under  construction.  Among  them,  all  but  the  apron  at  Runways  35 
and  9R  thresholds  are  of  dimensions  adequate  fbr  the  requirement  that  a  Boeing 
747  jet  be  able  to  by-pass  a  2707  holding  with  wings  in  the  full  open  position. 
Suitable  widening  for  these  thresholds  has  been  laid  out,  and  the  subsequent 
cost  estimate  is  included  in  the  summary  at  the  end  of  this  report. 

The  other  two  remaining  aprons,  >&ich  will  serve  runway  ends  are 
not  yet  constructed.  It  is  anticipated  that  their  final  designs  will  be  such 
s'-  to  accommodate  the  SST  in  the  manner  deemed  appropriate  by  the  airport* b 
operator . 

3.13.3  Evaluations  of  Structures 

Grates  and  Drains  -  There  are  a  number  of  drainage  structures  so 
located  in  the  airfield  pavements  that  they  are  subjected  directly  to  aircraft 
gear  loads.  Each  of  the  different  types  was  investigated  to  determine  its 
adequacy  for  supporting  the  maximum  loads  imposed  by  the  2707.  The  investigation* 
included  grates,  frames,  supporting  beams,  and  footings. 

The  grates  are  understressed  by  the  most  severe  loads  that  can  be 
transmitted  by  the  gear  of  the  2707.  Cast  iron  grate  frames  could  be  moderately 
overstressed,  but  not  seriously  enough  to  warrant  their  replacement.  The 
interior  beams  supporting  multiple  grate  arrangements  would  be  slightly  over¬ 
stressed  if  considered  as  acting  by  themselves,  but  adequate  if  considered  as 
acting  compositely  with  their  concrete  encasements.  Meximum  base  pressures 
are  considered  unobjectionable.  Small  overstresses  have  been  calculated  for 
the  hooked  bars  in  the  toes  of  footings,  but  again,  as  with  the  grating  frames, 
we  do  not  consider  that  such  overstresses  would  warrant  the  replacement  of  an 
existing  structure. 
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Pi pea  and  Conduit a  -  Fran  the  available  data,  it  is  judged  that  all 
pipes  sind  conduits  beneath  airfield  pavements  are  within  the  range  of  acceptable 
conditions  as  defined  in  paragraph  2.2.3>  and  therefore  are  considered  compatible 
with  the  2707. 

3.13*4  Terminal  Area  (See  Plate  PHL-2) 

The  existing  terminal  area  at  Philadelphia  International  employs  the 
central  te:minal-and- finger  pier  concept.  The  central  terminal  building  is  a 
long,  rectangular  structure  from  which  three  concourses  extend  to  the  south  at 
slightly  divergent  angles. 

At  the  present  time,  a  major  redevelopment  of  the  terminal  complex 
is  anticipated.  The  current  terminal  area  concept  envisions  two  unit  terminals 
with  six  satellite  clusters  providing  66  gate  positions.  This  scheme  is  super¬ 
imposed  upon  an  aerial  photograph  of  the  existing  terminal  area. 

3.13.4.1  Maneuvering  and  Docking 

Studies  were  based  on  the  future  terminal  concept.  Twelve  gate 
positions  would  be  readily  available  to  the  2707  at  the  satellites.  Other: 

1 

be  available  If  more  become  necessary.  The  positions  shown  allow  use  of  con¬ 
ventional  type  loaders.  All  apron  passage  points  allow  for  jumbo  jet  clearance. 
The  west  position  at  each  satellite  has  taxi-out  capability.  The  easternmost 
satellite  could  he  more  readily  utilized  if  the  edge  of  the  planned  apron  were 
moved  further  east,  however,  this  was  not  considered  necessary  for  general  airport 
compatibility. 

Some  restriping  will  be  necessary  but  it  is  assumed  that  this  would 
be  handled  in  the  future  planned  expansion. 

3.13.4.2  Passenger  Loading  Devices 

Mobile  ramps  are  presently  used  for  the  enplaning  and  deplaning  of 
passengers  at  Philadelphia.  Second-level  loading  will  he  employed  when  the 
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terminal  complex  la  improved.  It  was  assumed  that  the  loading  devices  eventually 
selected  will  be  compatible  with  the  2707  at  those  gate  positions  where  it  will 
dock.  No  charges  have  been  allocated  to  the  2707  for  modifications,  relocations, 
or  replacements  of  passenger-loading  devices. 

3. 13. 4. 3  Fueling  System  Modifications 

Aircraft  fueling  at  Philadelphia  is  accomplished  by  mobile  tenders. 

The  tenders  are  operationally  flexible  and  can  be  used  to  supply  the  2707. 

Should  a  hydrant  system  be  installed,  it  is  assumed  that  the  initial  installation 
would  be  made  compatible  with  the  requirements  of  the  SST. 


3.13.5  Summary  of  Estimated  Costs 


Estimated  Cost 


Widening  12  fillets  and  2  curved  taxi ways 
Full-strength  pavement  @  $15/s.y. 
Revisions  to  lights  and  signs 


$  55,000 
19,000 


Widening  2  holding  aprons 

Full-strength  pavement  @  $15/s.y. 
Shoulder  pavement  @  $4/s.y. 
Revisions  to  lights 

Total  Estimated  Costs 


128,000 

9,000 

1,500 

$212,500 


NOTE:  Plate  FHL-l  and  PHL-2  are  not  precisely  accurate  to  the  latest  planning, 
since  the  art  work  was  prepared  before  the  receipt  of  latest  data.  The 
differences  we  minor,  however,  and  do  not  affect  the  study  results; 
and  since  the  planning  is  not  final  as  yet,  it  was  felt  that  updating 
the  photos  was  not  warranted. 
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FEASIBLE  SST  GATE  POSITIONS 

FACILITIES  PROPOSED  IN  CURRENT 
AIRPORT  MASTER  PLAN 
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3.14  Airport  Evaluation  -  Seattle-Tacoma  International  Airport  -  SEA 
3.14.1  Structural  Evaluation  of  Pavements 

Excluding  those  pavements  deemed  to  receive  little  or  no  usage  by 
the  supersonic  transport  at  maximum  ramp  weight,  all  pavements  at  Seattle-Tacoma 
International  Airport  are  rigid  or  rigid  with  bituminous  overlays. 

The  locations  of  the  different  pavement  sections  are  tabulated  below: 

12-inch  rigid  pavement  2,500-foot  length  at  each  end  of 

existing  Runway  16-34  and  the 
three  holding  aprons;  10,000-foot 
length  of  Taxiway  1;  and  the  south¬ 
east  terminal  apron. 

10-inch  rigid  pavement  Majority  of  the  terminal  area; 

Taxiway  3»  and  1,900-foot  length 
of  Taxiway  1  between  Taxiway  3 
and  Taxiway  6. 

8-inch  rigid  pavement  with  5-inch  1,250-foot  length  of  portion  of 


bituminous  overlay 


Runway  16-34. 


6-inch  rigid  pavement  with  8-inch  Remaining  interior  portion  of 
bituminous  overlay  Runway  16-34. 

6- inch  rigid  pavement  with  6-inch  Runway  2-20. 
crushed-stone  base  and  4-inch 
bituminous  overlay 

The  flexural  stresses  induced  by  the  DC-8-55  are  everywhere  higher 
than  those  that  would  be  induced  by  the  2707.  Therefore,  the  costs  of  any 
pavement  improvements  that  might  become  necessary  would  not  be  attributable  to 
the  S8T. 
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Fillets  -  The  fillets  at  existing  pavement  intersections  on  Seattle- 
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Tacoma  International  Airport  were  carefully  investigated.  The  geometries  ci 
the  fillets  were  taken  from  detailed  site  plans  made  available  by  the  airport’s 
operator  and  verified,  as  constructed,  from  an  aerial  photograph. 

The  general  assumptions  and  criteria  leading  to  the  standards  adopted 
for  the  present  evaluation  may  be  found  in  paragraph  2. 2. 2.3  of  this  report. 

The  specific  assumptions  made  for  the  investigation  of  the  fillets  at  Seattle 
are  as  follows: 

(1)  Existing  runway  2-20  will  almost  certainly  be  decommissioned 
prior  to  the  introduction  of  SST  operations. 

(2)  The  terminal  apron  depth  is  such  that  relatively  wide  sweeping 
turns  may  be  made  from  the  entering  taxiways  without  interfering 
with  parked  aircraft. 

Several  of  the  old  runways  at  Seattle  may  be  used  as  taxiways.  This 
circumstance  tends  to  minimize  the  need  for  and  costs  of  fillet  modifications  to 
accommodate  the  2707. 

Each  fillet  that  would  be  traversed  by  the  SST  was  investigated 
individually.  A  total  of  52  fillets  was  studied.  It  was  determined  that  one 
fillet  would  require  improvement  if  the  criteria  stated  in  paragraph  2. 2. 2. 3 
are  to  be  observed  at  Seattle. 

The  following  tabulation  presents  our  assessment,  which  is  believed 
to  be  reasonable  and  conservative,  of  the  numbers  of  fillets  requiring  improve¬ 
ments,  by  type  of  intersection  and  class  of  usage. 


REV  SYM 


mmmm# 


wo.  D6A10582-1 

PMU  187 


* 

•■7000 


PAVEMENT  FUNCTION  AND  USAGE* 


No.  of  Pavements 


Fillets;  by  Type  of  Intersection 

Adequate  as  Now 
Constructed 

No.  of  Pavements 
To  be  Improved 

Taxivay-t axiway 

Normal  usage 

6 

0 

Rare  usage 

8 

0 

Runway- taxiway 

Normal  u*age 

4 

0 

Rare  usage 

9 

0 

Taxiway-terminal  apron 

Normal  usage 

8 

1 

Rare  usage 

2 

0 

At  holding  aprons 

Normal  usage 

6 

0 

Rare  usage 

2 

0 

On  maintenance  area  routes 

Rare  usage 

6 

0 

TOTAL  number  of  fillets  investigated 

51 

1 

♦For  definition  of  "normal”  and  "rare"  usage,  and  for  the  operational  criteria 


associated  therewith,  see  paragraph  2. 2. 2. 3  of  this  report. 

The  total  costs  for  the  improvements  to  the  pavements  tabulated  in 
the  right  column  above  and  shown  on  Plate  SEA-1  are  attributable  to  the  2707. 

They  have  been  estimated  using  current  construction  costs,  and  the  results  are 
summarized  at  the  end  of  this  section. 

Holding  Aprons  -  The  supplementary  holding  apron  located  approximately 
1,700  feet  from  the  threshold  of  Runway  34  is  adequate  by  the  criteria  outlined 
in  paragraph  2. 2. 2. 4. 

If  those  criteria  were  to  be  observed  at  Seattle,  both  the  runway  34 
and  the  runway  16  holding  aprons  would  have  to  be  widened.  The  coat  of  widening 
these  aprons  in  the  manner  shown  on  Plate  SKA-1  have  been  estimated  and  allocated 
to  the  2707,  It  is  assumed  that  the  apron  34  would  be  enlarged  by  replacing 
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25  feet  of  the  existing  50-foot-wide  shoulder  with  full-strength  pavement,  and  with 
the  remainder  of  the  widening  on  the  inside.  The  provision  of  a  50- foot  shoulder 
at  the  edge  of  the  widened  pavement  would  require  a  fill  approximately  40  feet 
high.  The  cost  of  such  a  fill  would  be  excessive;  therefore,  the  cost  allocated 
for  the  widening  is  based  upon  the  economical  solution  described  above. 

To  avoid  the  expense  of  removing  and  replacing  the  blast  fence,  apron 
16  is  also  widened  to  the  inside.  The  runway  16  displaced  threshold  makes  this 
especially  feasible. 

3.14.3  Evaluations  of  Structures 

Subway  -  The  southward  extension  of  rnnway  16-34  required  the  construc¬ 
tion  of  a  subway  to  carry  South  186th  Street  beneath  the  runway  and  ita  parallel 
taxiway.  The  subway  is  a  reinforced-concrete,  two-span  rigid  frame  with  clear 
interior  spans  of  33  feet  6  inches.  Reinforced  concrete  struts  spaced  at  10 
feet  on  centers  in  the  subgrade  brance  the  footings  of  the  exterior  legs  of  the 
frame  againat  the  forces  of  lateral  earth  pressure.  The  minimum  depth  of  cover 
above  the  top  of  the  subway  at  the  runway  and  taxi  way  crossings  is  about  eight 
feet. 

The  structure  was  designed  for  an  aircraft-imposed  live  loading  of 
600,000  pounds.  An  analysis  was  made  of  stresses  in  the  frame  and  its  footings 
and  of  pressures  on  the  soil  under  its  footings  resulting  from  the  passage  of 
1  the  2707  on  the  pavement  above.  All  conditions  were  found  to  be  satisfactory. 

Pipes  and  Conduits  -  Prom  ths  available  data,  it  is  judged  that  all 
pipes  and  conduits  beneath  airfield  pavements  are  within  the  range  of  acceptable 
conditions  as  defined  in  paragraph  2.2.3,  and  therefore  at.  be  considered  com¬ 
patible  with  the  2707. 

3.14.4  Terminal  Area  (Bee  Plate  B1A-2) 
o 

|  The  terminal  area  at  Seattle-Taecaui  International  is  based  upon  the 

31  central  rem*mrit. — Present  planning  far  ths  tarmlnaJL - 
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calls  for  four  concourses  diverging  at  90°  from  each  other  off  the  north  and 
south  ends  of  the  main  building. 

Concourse  "B,"  after  extending  from  the  central  terminal  for  seme 
distance,  bears  45°  so  that  its  outer  face  parallels  the  north-south  runway. 
Concourse  "C,"  when  completed,  will  be  a  mirror  image  of  Concourse  "B"  if  the 
existing  master  plan  remains  unchanged. 

3.14.4.1  Maneuvering  and  Docking 

Studies  were  made  of  the  four  existing  concourses  and  it  was  determined 
that  the  2707  could  be  readily  accommodated  at  each.  Gate  positions  representa¬ 
tive  of  those  which  appear  feasible  for  the  airplane  to  be  docked  and  maneuvered 
by  conventional  techniques  are  shown  on  Plate  SEA-2.  These  positions  include 
those  studied  for  costs  of  additional  fuel  hydrants  and  modifications  of  passenger 
loading  devices. 

Seven  SST's  have  been  positioned  at  Seattle-Tacoma.  Owing  to  the 
unusually  large  apron  space  available  in  the  terminal  area,  it  is  feasible  to 
park  nose-in  at  most  positions.  The  use  of  this  parking  mode  minimizes  the  2707's 
encroachment  on  adjacent  parking  positions,  which  can  be  occupied  by  subsonic  or 
piston-engine  aircraft.  The  outer  88T  parking  position  shown  at  Concourse  "B" 
has  been  canted  slightly  from  a  perpendicular  to  the  concourse  face  in  order 
to  facilitate  maneuvering  on  departure. 

One  parallel  position  has  been  shown  at  the  existing  extremity  of 
Concourse  "C.”  Power-out  departures  could  be  made  from  this  position,  under 
certain  circumstances,  providing  engine  blast  effects  on  swinging  away  were  not 
objectionable. 

All  perking  positions  shown  on  Plate  8IA-2  have  been  investigated  for 
feasibility  of  convenient  maneuvering,  effects  on  the  availability  of  adjacent 
gate  positions,  end  adaptability  to  existing  gats  arrangmicnts  and  loading 
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procedures.  Clearance  has  been  maintained  for  taxiing  of  th«?  forthcoming 
jumbo  jets. 


3.14.4.2  Passenger  Loading  Devices 

The  airlines  at  Seattle-Taccma  employ  both  second-level  loading 
devices  and  mobile  ramps.  The  second-level  devices  include: 

(1)  fixed-length  swinging  r.ose-loadere; 

(2)  fixed-bridge  nose-loaders;  and 

(3)  swinging-telescoping  bridges. 

Owing  to  the  configuration  of  the  SST,  none  of  the  loading  devices 
now  on  the  maurket  could  be  used  for  nose-in  parkirg,  and  the  availability  of 
an  appropriate  new  device  would  be  a  prerequisite  to  the  use  of  this  mode  of 


parking  by  the  2707* 

The  costs  of  providing  a  new  type  of  nose- loading  device  capable  of 
two-door  loading  have  bee:  estimated.  The  costs  of  the  two  new  loaders  of 
conventional  design  required  for  the  parallel  parking-position  shown  at  Concourse 
"C"  have  not  been  considered}  since  it  is  assumed  that  future  paa'Ihnger-loading 
installations  at  this  concourse,  when  made,  will  be  compatible  with  the  SST. 

The  costa  of  the  new  two-door  loaders  are  attributable  to  the  2707. 

They  are  reported  in  the  summary  at  the  end  of  this  section. 

3.14.4.3  Fueling  System  Modifications 

Both  mobile  fuel  tenders  and  underground  fueling  systems  are  in  use  at 
8eattle-Tacuaa. 

The  mobile  tenders  are  operationally  flexible  and  can  be  furnished 
in  quantities  sufficient  to  supply  the  88T's  total  need.  Should  hydrant  systems 
he  Installed  in  pieces  now  served  by  tenders,  it  is  assumed  that  the  initial 
installation  would  be  made  compatible  with  the  requirement*  of  the  88T. 

Underground  hydrant  fueling  facilities  have  been  installed  at  Concourses 
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"C"  and  ’ D"  and  at  the  interior  positions  on  the  vest  aide  of  Concourse  "B." 


For  per-gate-position  estimating  purposes,  the  costs  of  tiro  new  hydrants  and  of 
a  new  lateral  connecting  than  to  the  supply  lines  has  been  assumed  attributable 
to  the  2707  only  at  those  positions  that  could  be  served  by  the  supply  lines  as 


\  they  exist  today. 

3.14.5  Summary  of  Estimated  Costa 


Item  Estimated  Cost 


Modifications  to  I  fillet 

Full-strength  pavement  9  $ll/s.y.  $  2,000 

Shoulder  pavement  1,000 

Revisions  to  lights  and  signs  1,000 

Widening  of  Runway  34  holding  apron 

Full- strength  pavement  9  $il/s.y.  44,000 

Revisions  to  lights  and  reatripping  taxiways  6,000 


Total  Estimated  Costs  $54,000 


Estimated  Unit  Costs  Per  Gate  Position 

Passenger  loading  devices  $150,000 

Fuel  system  modifications  11,000 


Of  the  seven  gate  positions  determined  to  be  feasible  for  SST  usage, 
five  were  considered  in  the  estimation  of  the  average  unit  cost  of  passenger 
loading  devices  quoted  above.  The  average  unit  cost  per  gate  position  of  fuel 
system  modifications  was  obtained  by  averaging  the  individual  gate  costs  for  the 
four  SST  gates  where  an  underground  fueling  system  exists. 
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Plate  SEA-1 
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LITTLE  OR  NO  USE  BY  FULLY  - 
LOADED  SST  ANTICIPATED 

PAVEMENTS  PROPOSED  IN 
CURRENT  AIRPORT  MASTER  PLAN 

PAVEMENTS  NOT  SHOWN  BUT 
EXISTING  AS  OF  SEPTEMBER  1966 
PAVEMENT  MODIFICATIONS 
ANTICIPATED  FOR  SST  COMPATIBILITY 


Seattle  ■  Tacoma  International  m 

D6A10582-1 


Plate  SEA-2 
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3-15  Airport  Evaluation  -  San  Francisco  International  Airport  -  3F0 
3.15.1  Structural  Evaluation  of  Pavements 

At  San  Francisco  International,  concrete  pavement  is  generally  used 
for  the  critical  end-sections  of  runways,  for  holding  aprons,  for  certain  taxi- 
ways,  and  for  hardstands  on  certain  terminal  aprons.  All  other  pavement, 
including  noncritical  sections  of  runways  and  the  greater  proportion  of  terminal 
aprons,  is  flexible.  In  areas  of  flexible  pavement  distress,  it  is  now  the 
practice  to  make  improvements  with  concrete  inlays.  On  runways,  the  central 
60  feet  is  inlaid;  on  taxi ways,  the  central  45  feet.  Elsewhere,  flexible 
pavements  that  are  considered  substandard  are  being  resurfaced. 

The  airport  has  been  constructed  largely  on  a  reclaimed  portion  of 
San  Francisco  Bay  by  dry-fill  placement  of  sandy  soil  from  a  nearby  borrow 
area.  Because  the  Bay  here  was  once  a  tidal  marsh  on  organic  silt  of  a  depth  as 
great  as  60  feet,  both  differential  and  overall  settlements  of  the  airport  heve 
occurred  in  the  past  and  are  expected  to  continue. 

The  Public  Utilities  Commission,  which  operates  the  airport,  has 
advised  that  the  airport  soil  classification  is  F2  and  that  a  subgrade  CBR 
value  of  15  is  appropriate  for  the  SST  compatibility  evaluation.  (The  Corps  of 
Engineers'  method  of  flexible  pavement  design  is  preferred  by  the  Commission.) 

It  has  also  given  a  k  value  of  400  for  the  top  of  the  cement-treated  base  used 
extensively  for  both  rigid  and  flexible  pavements.  For  the  rigid  pavement,  all 
of  which  is  13  inches  thick,  325  pounds  per  square  inch  is  the  allowable  flexural 
working  stress. 

Rigid  Pavements  -  The  DC-8-55  induces  a  flexural  stress  of  356  pounds  •» 
per  square  inch  in  the  concrete  pavements;  the  2707,  a  stress  of  345  pounds  per 
square  inch.  In  the  unlikely  event  that  overstresses  as  minor  as  these  should 
o  require  Improvements  to  rigid  pavements,  these  costs  would  be  properly  attribut- 

s 

o  able  to  heavily-loaded  subsonic  Jet  aircraft,  rather  than  to  the  2707. 
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Sections  of  rigid  pavement  have  been  constructed  in  the  terminal  apron 
area.  At  Concourses  "G,"  "F,"  and  "FT1*  there  are  wide  strips  of  concrete  at 
the  aircraft  parking  positions.  At  Concourses  "C"  and  "E"  small  concrete  pads 
have  been  inlaid. 

Flexible  Pavements  -  All  flexible  pavements  that  will  be  used  by  the 
SST  are  18  inches  thick  except  for  the  new  aprons  at  Concourses  "G,"  "F,"  and 
"FF,"  which  are  20  inches  thick.  The  cement -treated  base  is  considered  to  be  a 
high  quality  base  (compressive  strength  =  750  psi).  Its  thickness  is  10  inches 
in  the  18-inch  pavements  and  12  inches  in  the  20-inch  pavements.  Each  section 
comprises,  in  addition,  4  inchef,  of  untreated  base  and  4  inches  of  asphaltic- 
concrete  surfacing. 

Equivalency  factors  for  the  cement-treated  bases  and  for  one  Inch  of 
the  4-inch-thick  surface  are  based  on  the  judgment  of  the  consultant  to  the 
Public  Utilities  Commission  and  the  findings  of  a  recent  government  research 
report.1  For  the  approximately  70,000-pound  equivalent  single-wheel  load  of 
both  the  2707  and  the  DC-8-55,  an  equivalency  factor  of  1.34  has  been  used  for 
the  cement-treated  base .  For  both  aircraft,  the  factor  of  1.4  recommended 
by  the  Commissions's  consultant  for  the  lowest  inch  of  asphaltic  concrete  surface 
has  been  used.  The  equivalent  total  pavement  thicknesses  so  derived  are  as 
follows : 


Actual  Thickness 
18-inch  pavements 
20-inch  pavements 


L valent  Thickness 
21.8  inches 
24.5  inches 


1  Thickness  Design  Procedure  for  ^Airfields  Containing  Stabilised  Pavement 

Components.  Final  Report,  Contract  Ho.  ARDS-286,  Prepared  for  Federal  Aviation 
Agency  by  Soil  Testing  Services,  Inc.,  September,  1964. 
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Engineers  of  the  Public  Utilities  Commission  advise  that  values  ranging 


from  CBS  15  to  CBR  80  have  been  obtained  from  field  measurements  of  subgrade 
strengths.  In  discussions  with  these  engineers,  the  conclusion  was  reached  that 
a  CBR  value  of  20  might  be  more  representative  of  the  minimum  prevailing  subgrade 
strength  than  the  lowest  recorded  value  of  15.  In  at  least  one  instance,  the 
Commission,  in  an  application  for  Federal  aid,  has  indicated  a  subgrade  strength 
of  not  less  than  CBR  20  for  a  particular  area  of  the  airport. 

The  Commission  has  expressed  the  thought  that  CBR  15 ,  rather  than  CBR 
20,  should  be  adopted  to  provide  a  factor  of  safety  for  anticipated  growth 
versions  of  the  SST.  While  this  position  is  understandable,  it  is  not  in 
accordance  with  the  guidelines  given  by  the  FM  for  the  compatibility  study, 
and  its  adoption  fbr  the  investigation  of  one  airport  would  represent  a  departure 
from  the  procedure  used  for  all  others  in  the  study. 

Nevertheless,  for  illustrative  purposes,  the  thickness  requirements 
obtained  by  the  use  of  both  values  in  the  CBR  equation  are  shown  in  the  following 


tabulation: 

Critical 

Noncritical 

DC-8-55 

2707 

DC -8-55 

2707 

CBR  -  15 

23-5 

25 

21 

22.5 

CBR  -  20 

18.5 

20 

16.5 

18 

From  this  it  is  judged  that  the  2707  would  be  fully  cceapatible  with 
the  noncritical  sections  of  18-inch  pavement  and  with  the  20-inch  apron  pavements. 
The  use  of  CBR  20  for  the  subgrade  indicates  an  ample  reserve  of  pavement 
thickness,  while  the  use  of  the  conservative  CBR  15  indicates  negligible 
deficiencies  in  thickness  —  0.7  end  0.5  inches,  respectively. 

The  critical  sections  of  the  18-inch  pa  vaunts  are  more  than  adequate 
if  CBR  20  is  accepted.  For  CBR  15,  on  the  other  hand,  there  would  be  deficiencies 


of  3  1/4  inches  for  the  2707  and  1  3/4  inches  for  the  PC-8.  (The  equivalent 
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thickness  of  the  pavement,  21.8  inches,  actually  corresponds  for  the  SST  to 
a  CBR  value  of  18.). 


'IB 


For  the  2707  at  675>000  pounds,  therefore,  the  best  estimate  is  that 
no  costs  would  be  incurred  for  the  strengthening  of  pavements.  (Concrete  inlays 
in  terminal  aprons  are  treated  in  a  subsequent  part  of  this  section  of  the  report.) 

In  recognition  that  some  pavement  areas  may  experience  little  or  no 
settlement  and  resulting  corrective  overlay,  that  the  cement-treated  stone  base 
of  the  flexible  pavement  may  perform  less  veil  under  che  SST  than  it  has  under 
present  aircraft,  and  that  at  least  in  some  areas  a  CBR  of  15  may  be  more  nearly 
correct  than  one  of  CBR  20,  certain  pavement  overlay  costs  could  be  estimated  as 
a  potential  expense  which  is  not  definitely  anticipated. 

Our  "high"  estimate,  therefore,  provides  for  an  overlay  to  an  average 

j 

thickness  of  2£  inches  over  the  areas  of  critical  18-inch  flexible  apron  and 
taxiway  pavements. 

3*15.2  Requirements  for  New  Pavements 

Fillets  -  The  fillets  of  existing  pavement  intersections  at  San 
Francisco  International  Airport  were  carefully  investigated.  The  geometries 
of  the  fillets  were  taken  from  plans  made  available  by  the  airport's  operator 

! 

and  verified,  aa  constructed,  from  an  aerial  photograph. 

The  general  assumptions  and  criteria  leading  to  the  standards  adopted 

for  the  present  evaluation  may  be  found  In  paragraph  2. 2.2.3  of  this  report. 

The  airport's  operator  Is  planning  and  making  improvements  to  eppe  with  the 

Increased  slses  of  aircraft  under  development;  and  it  may  be  expected  that  fillet 

improvements  will  be  made  in  the  future.  levertheless,  the  coat  estimates  given 

In  this  report  have  been  based  upon  the  conservative  assumption  that  existing 

fillets  of  inadequate  radii  will  be  improved  solely  because  of  the  higher 

maneuvering  requirmaents  of  the  88T. 
a 

s 

m 
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All  of  the  runways  at  San  Francisco  have  been  built  to  a  width  of  200 
feet.  This  circumstance  tends  to  minimize  the  need  for  and  costs  of  modifica¬ 
tions  to  accommodate  the  2707.  ' 

Each  fillet  that  would  be  traversed  by  the  SST  was  investigated 
Individually.  A  total  of  138  fillets  and  ten  curved  taxi ways  was  investigated. 
It  was  determined  that  12  fillets  and  two  curved  taxiways  would  require  improve¬ 
ments  if  the  criteria  stated  in  paragraph  2. 2. 2. 3  are  to  be  observed  at  San  " 
Francisco. 

The  following  tabulation  presents  our  assessment)  which  is  believed  to 
be  reasonable  and  conservative)  of  the  numbers  of  fillets  and  curved  taxiways 
requiring  improvements)  by  type  and  usage. 

PAYMENT  FUNCTION  AND  USAGE* 


Fillets ! 


of  Intersection 


No.  of  Pavements 
Adequate  aa  Now 
Constructed 


No.  of  Pavements 
To  be  Improved 


Taxiwsy-taxiway 
Normal  usage 
Rare  usage 

Runway-taxiway  ‘ 

Normal  usage 
Rare  usage 

Taxiway-terminal  apron 
Normal  usage 

At  holding  aprons 
normal  usage 
Rare  usage 

On  maintenance  area  routes 
Rare  usage 

TOTAL  number  of  fillets  investigated 


♦For  definitions  of  "normal"  and  "rare"  usage)  and  for  the  operational  criteria 
associated  therewith)  see  paragraph  2.2. 2.3  of  this  report. 
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Fillets:  by  Type  of  Intersection 


No.  cf  Pavement a 
Adequate  aa  Now 
Conatr acted 


No.  of  Favementa 


Curved  Taxiwaya 

Normal  usage  6  2 

Rare  uaage  (to  maintenance  area)  _2_  0 

TOTAL  number  of  curved  taxiwaya  inveatigated  8  2 

The  total  coata  for  the  lmprovementa  to  the  pavement8  tabulated  In 

the  right  column  above  and  ahown  on  Plate  3F0-1  are  attributable  to  the  2707. 

They  have  been  eatlmated  uaing  current  conatruction  coata ,  and  the  reaulta  are 

summarized  at  the  end  of  thla  section. 

Holding  Aprons  -  The  holding  aprons  at  the  thresholds  of  runway a 

28L  and  28R,  the  primary  takeoff  thresholds)  both  require  minor  enlargement  for 

the  SST  by  the  criteria  stated  in  paragraph  2. 2.2.4.  Coata  attributable  to  the 

SST  for  these  modifications  are  included  in  the  coat  auanary  at  the  end  of  this 


section. 


Supplementary  aprons  are  located  west  of  the  28L  and  20R  thresholds. 


It  is  doubtful  that  they  would  be  used  by  supersonic  transports . 

The  1L  holding  apron  ia  less  than  adequate  by  the  criteria  but  inasmuch 
aa  it  la  adjacent  to  the  terminal  apron)  there  seams  to  be  no  justification  for 
enlarging  it. 

The  holding  apron  at  runway  10L  la  also  inadequate  but  enlargement  is 
infeasible.  Widening  toward  tsxiway  B  would  violate  theMA  separation  reccmnanda- 
tion  (and  the  separation  established  by  paragraph  2.2.2.4). 

The  holding  apron  at  the  threshold  of  runway  IB  la  too  shallow  tor 
holding  the  88T.  The  possibilities  for  expansion  are  severely  limited  by  two 
major  drainage  oanals  and  by  the  Bayshore  freeway.  Bines  there  appears  to  be 
no  practical  solution  for  expansion,  and  since  this  is  a  secondary  takeoff 
threshold,  no  enlargement  cf  theee  aprons  has  been  postulated. 
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Similarly,  the  apron  at  the  end  of  runway  19R  presents  an  area  too 
shallow  for  holding  the  SST  and  Impractical  to  improve.  Its  expansion  would 
require  an  expensive  filling  operation  in  San  Francisco  Bay.  Since  future  plans 
for  takeoff  to  the  south  from  extended  runways  do  not  include  holding  aprons, 
we  have  concluded  that  the  apron  does  not  require  modification. 

Terminal  Area  Inlays  -  A  considerable  amount  of  rigid-pavement  inlays 
has  been  placed  in  the  terminal-area  pavements  at  aircraft  gate  positions.  It 
is  assumed  that  such  pavement  would  be  required  at  gate  positions  used  by  the 
SST.  The  pads  for  the  SST  would  coincide  with  an  appreciable  proportion  of  the 
inlay  area  now  in  place.  It  is  assumed,  however,  that  at  least  as  much  additional 
pavement  would  be  placed  to  fair  the  required  new  inlay  areas  into  those  now  in 
place.  Accordingly,  we  have  reported  a  coat  per  gate  position  estimated  on  the 
basis  given  in  paragraph  2. 2.2.6. 

3.15*3  Ivaluatlons  of  Structures 

Pipes  and  Conduits  -  From  the  available  data,  it  is  Judged  that  all 
pipes  and  conduits  beneath  airfield  pavements,  including  the  battery  of  culverts 
carrying  the  South  Airport  Canal  under  the  threshold  of  runway  IB,  are  within 
the  range  of  acceptable  conditions  as  defined  in  paragraph  2.2.3,  end  therefore 
may  be  considered  compatible  with  the  2707* 

3.15.^  Terminal  Area  lass  Plate  SFO-2) 

The  San  Francisco  terminal  area  comprises  two  coocours e-oonnee ted 
central  terminal  buildings.  Three  pass  auger- loading  piers  amt  end  from  each  of 
the  central  terminal  buildings  onto  the  aircraft  parking  apron.  Thera  art 
satellite  buildings  at  the  cuter  sods  of  three  of  the  piers  (piers  ”B,”  "0," 
and  ”P”)|  pier  *D*  la  T-aheped)  and  Piers  "t*  and  ere  linear.  Pier  "F" 
has  a  T-shspe,  with  satellites  at  both  aartramitlss  of  the  arms  of  the  Y.  The 
older  of  thase  1*  designated  pier  ”F”j  the  satellite  Just  ecnstruoted  Is 
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designated  pier  "FF." 

The  master  plan  for  the  teminal  area  includes  a  third  central  terminal 
building  from  the  center  of  which  will  extend  a  Y-shaped  pier  (pier  nAn)  having 
satellites  at  its  extremities.  When  completed,  the  arc  enclosed  by  the  inter¬ 
connected  teminals  will  be  270°. 

3.15.4.1  Maneuvering  and  Docking 

The  2707  can  be  readily  accommodated  at  a  minimum  of  13  apron  parking 
positions.  (See  Plate  SFO-2.)  The  most  convenient  parking  modes  appear  to  be 
the  parallel  and  the  canted.  Three  positions  would  be  simultaneously  available 
at  pier  "G,"  which  handles  international  flights;  one  each  at  piers  nB"  and 
and  two  each  at  the  remaining  piers.  The  particular  arrangements  selected  have 
been  investigated  for  feasibility  of  convenient  maneuvering,  effects  on  the 
availability  of  adjacent  gate  positions,  and  adaptability  to  existing  gate 
arrangements  and  loading  procedures. 

3.15*4.2  Passenger  Loading  Devices 

Both  second-level  loading  bridges  and  mobile  ramps  are  employed  by 
the  airlines  at  San  Francisco.  The  second-level  devices  include  fixed-length 
nose-loaders  and  swinging-telescoping  bridges. 

At  pier  "B,"  two  of  the  existing  swinging- telescoping  bridges  could  be 
modified  to  serve  both  the  forward  and  second  doors  of  the  2707. 

At  both  positions  indieated  at  pier  "C,"  the  88T  could  be  served  by 
existing  bridges,  which  would  require  modifications  enabling  them  to  reach  the 
forward  and  second  door-sill  heights  of  the  2707 • 

For  the  two  positions  indieated  at  pier  *D,"  four  new  loaders  would 

■  I 

be  required.  Zt  is  feasible  that  two  of  them  could  be  of  nonpivoting,  the  other 
of  the  swinging-telescoping  type. 

One  position  is  Indicated  at  pier  "I."  The  existing  fixed-length 
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nose-loader  serving  the  position  would  have  to  he  replaced.  Two  new  swinging 
telescoping  loaders  would  he  required.  It  will  he  necessary  to  revise  the 
taxiway  stripping  approximately  50  feet  northeast  to  accommodate  the  position. 


S 
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The  two  positions  at  pier  "F"  can  he  accommodated  hy  modifying  four  of 
the  existing  swinging-teles coping  loaders  to  he  adaptable  to  the  sill  heights 
of  the  SST.  Some  minor  restripping  is  required. 

Two  positions  are  indicated  at  pier  "FF."  The  fixed-length  nose- 
loaders  planned  for  these  positions  would  have  to  he  replaced  hy  four  swinging¬ 
telescoping  loaders,  which  could  accommodate  hoth  the  2707  and  subsonic  aircraft. 

At  pier  "G,"  three  SST  positions  are  shown.  Four  existing  short  uose- 
loaders  would  need  to  he  replaced  hy  swinging-telescoping  loaders.  Two  new 
swinging-telescoping  loaders  would  he  required  at  new  locations.  Some  stripping 
changes  would  he  necessary  for  subsonic  jet  access,  especially  the  forthcoming 
jumbo  jets,  as  space  for  passage  of  these  aircraft  have  been  maintained  where 
possible. 

3.15*4.3  Fueling  System  Modifications 

Hydrant  fueling  systems  have  been  installed  at  all  piers  except  pier 
"E."  The  system  at  "D"  is  no  longer  in  use  owing  to  a  rearrangement  of  parking. 
For  the  purposes  of  this  study,  the  systems  at  pierB  "B,"  "C,"  "F,"  and  "G"  have 
been  considered.  Three  oil  companies  have  installations  at  pier  "G";  two  at 
pier  "F";  and  one  company  serves  piers  "B"  and  "C . " 

For  per-gate-position  estimating  purposes,  the  costs  of  new  hydrants 
and  of  new  laterals  connecting  them  to  the  loops  have  been  considered  attributable 
to  the  2707.  At  each  pier,  a  flexibility  of  choice  among  fuels  equal  to  that 
provided  by  the  existing  systems  has  been  presumed  necessary. 

Depending  upon  the  SST  parking  positipns  ultimately  selected  by  the 
airlines,  it  might  be  possible  to  connect  a  few  of  the  required  new  hydrants  to 
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existing  laterals,  a  circumstance  that  might  result  in  a  relatively  large  saving 
for  a  particular  gate  position.  However,  in  the  interest  of  obtaining  a  conser¬ 
vative  estimate  of  costs  for  achieving  compatibility  between  the  2707  end  existing 
fueling  systems,  it  has  been  assumed  that  new  laterals  would  be  required  for  all 
gate  positions  now  served  by  such  systems. 

Mobile  tenders  are  used  for  fueling  at  piers  "Dw  and  "E."  They  are 
operationally  flexible  and  can  be  furnished  in  numbers  adequate  to  serve  the 
fueling  demands  of  the  2707*  Should  underground  fueling  systems  be  installed 
at  these  piers  prior  to  the  introduction  of  the  SST,  it  is  assumed  that  their 
designers  would  take  its  fueling  requirements  into  account. 

3.15<5  Summary  of  Estimated  Costs 


Item 

Estimated  Cost 

Modifications  to  12  fillets  and  2  curved  taxiways 
Full-strength  pavement  §  $12/s.y. 

Shoulder  pavement 

Revisions  to  lights  and  signs 

$  32,000 
22,000 
16,000 

Modification  to  2  holding  aprons 
Full-strength  pavement  4  $12/'a.y. 
Shoulder  pavement 

Revisions  to  lights 

38,000 

11,000 

4.000 

Subtotal 

$123,000 

Best  Estimate 

High  Estimate 

Taxiway  overlays  @  $1.20/s.y. 

0 

540,000 

Total  Estimated  Costs 

$123,000 

$663,000 

Estimated  Unit  Costs  Per  Qate  Position 
Passenger  loading  devices 

Fuel  system  modifications 

Terminal  apron  inlays 

$  68,000 
22,000 
18,000 

Of  the  thirteen  gate  positions  determined  to  be  feasible  for  SST  usage, 
all  were  considered  in  estimating  the  average  unit  cost  of  passenger-loading 
devices  quoted  above.  The  average  unit  cost  per  gate  position  of  fuel  system 
modifications  was  obtained  by  avereglng  the  individual  gate  costs  for  the  nine 
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SST  gates  where  an  underground  fueling  system  is,  or  will  in  the  near  future 
become,  operational.  Full  rigid-pavement  inlays  were  estimated  for  each 
position. 
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FEASIBLE  SST  GATE  POSITIONS 

FACILITIES  PROPOSED  IN  CURRENT 
AIRPORT  MASTER  PLAN 


San  Francisco  International 
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4.0  SUMMARY  AND  CONCLUSIONS 

Results  exhibited  in  this  report  are  primarily  the  effects  of  updating 
previous  reports  in  accordance  with  the  latest  configuration  of  the  2707. 

Since  there  has  been  no  change  in  the  673)000  pounds  gross  weight  of 
the  airplane,  pavement  thickness  requirements  remain  about  the  same. 

Aircraft  taxiing  characteristics  have  been  somewhat  eased  by  the 
reduction  in  the  wheel  base  dimension.  Runway  intersections  and  runway-taxiway 
intersections  should  be  adequate  as  existing.  The  2707  will  be  able  to  maneuver 
smoothly  around  these  turns  without  exceeding  the  desired  turning  angle.  On 
the  taxiway  to  taxiway  (including  curved  taxiways)  turns,  many  fillets  will 
still  need  some  modifications.  Of  the  l4l6  checked,  226  require  enlargement 
for  normal  maneuvering.  These  findings  were  based  on  a  practical  clearance 
between  the  centerline  of  the  outside  truck  and  the  pavement  edge,  while  rolling 
the  nose  gear  in  a  direct,  smooth  path  from  pavement  centerline,  across  and  back 
to  pavement  centerline  of  the  connecting  taxiway. 

Holding  aprons  have  also  been  reviewed  even  though  their  use  by  the 
88T  will  probably  be  only  occasional.  The  latest  landing  gear  spacing  permits 
easier  maneuvering  into  the  aprons,  however,  29  of  those  reviewed  will  require 
some  modifications  if  used  by  the  2707. 

The  overall  length  of  the  2707  including  the  added  length  of  the 
current  prototype  configuration  and  the  addition  of  the  canard  surfaces  produce 
rearrangement  in  docking  at  some  of  the  more  compactly  planned  airports.  Aprons 
at  three  airports  remain  in  need  of  enlargement.  Maneuvering  and  docking  can  be 
accompliahed  without  great  difficulty  at  most  of  the  airports  reviewed,  however. 
Minor  rearrangement  of  parking  and  striping  is  advisable  at  some  airports,  however, 
the  88T  will  still  occupy  not  more  than  two  subsonic  parking  positions  in  all  but 
a  few  eases. 
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At  every  airport  investigated)  some  type  of  pipe,  culvert)  or  conduit 
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was  subjected  to  SST  loading.  The  worst  case  appeared  to  impose  stresses  no 
greater  than  8  per  cent  above  presently  operating  subsonic  transports.  Since 
the  structures  show  no  evidence  of  distress  from  these  loads)  removal  or  replace¬ 
ment  of  undamaged  structures  for  an  anticipated  8  per  cent  increase  in  loading 
would  seem  unnecessary.  As  a  result)  the  2707  is  considered  compatible  with  no 
recommended  changes. 

At  five  of  the  fifteen  airports,  there  are  or  will  be  vehicle  subways 
subject  to  airplane  loads.  Substantial  overstressing  would  occur  if  the  2707 
were  operated  over  seme  of  those  existing.  Equal  overstressing,  however,  would 
occur  if  the  structures  in  question  were  subjected  to  loads  of  the  forthcoming 
large  subsonic  jets.  It  is  anticipated  that  these  structures  will  be  improved 
before  the  2707  is  in  operation.  For  this  reason,  it  can  be  reasonably  presumed 
that  at  the  time  it  is  placed  into  service  the  2707  and  the  airports  will  be 
compatible. 

One  principal  impact  the  2707  will  have  on  the  airport  is  its  effect 
cn  passenger  loading  devices.  The  greater  door  heights  will  require  modifications 
to  the  heights  of  the  existing  second  story  passenger  loaders.  The  study  shows 
that  a  minimum  of  163  loading  positions  will  accommodate  the  2707  at  the  14 
airports  using  terminal  loading  devices. 

At  those  airports  where  underground  fuel  distribution  systems  are  not 
installed  or  planned,  refueling  of  the  2707  cun  be  accomplished  by  the  use  of 
trucks.  Host  of  the  existing  underground  systems  have  combined  fueling  rate 
capacities  at  the  recommended  gats  positions  in  excess  of  the  2707  reqpirmesnts. 

In  most  oases,  however,  new  laterals  and  hydrants  should  be  installed  to  locate 
them  for  88T  convenience  of  accessibility. 

logins  exhaust  characteristics  will  be  norm  severe  from  the  8ST  than 
present  jets.  However,  due  to  the  greater  mounting  heights  and  upward  thrust 
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angle,  the  airports  should  accommodate  the  2707  with  negligible  airport 
modifications.  The  above  assumes  a  power-in  and  tow-out  concept.  Eshanst  plumes 
for  breakaway  power  was  considered  when  selecting  the  parking  positions  shown 
herein  and  some  previously  selected  gates  were  eliminated  for  this  reason.  A 
few  airports  have  some  positions  which  have  power-out  capability. 

Runway  lengths  of  all  airports  investigated  were  adequate  for  the  2707* 
Due  to  high  thrust  and  variable-sweep  wing,  the  8ST  can  both  land  and  takeoff 
satisfactorily  on  existing  runways  as  indicated  by  the  unshaded  runways  on  the 
plate  1  photographs. 

Special  fire  and  rescue  equipment  beyond  that  in  service  when  the  2707 
becomes  operational  is  not  anticipated. 

At  the  airports  studied,  the  total  cost  of  modification  wae  estimated 
to  be  $5,676,300.  This  figure  does  not  include  coats  of  improvements  and  air¬ 
port  expansion  which  will  be  necessary  to  handle  the  large  subsonic  jets  that 
will  be  in  service  before  the  88T.  Where  applicable,  both  the  best  and  also  a 
high  estimate  have  been  included.  Zt  was  not  possible  to  include  the  fueling 
and  passenger  loader  costa  in  the  total  estimate,  since  it  was  not  determined 
how  many  gates  would  be  required.  Average  costs  were  given  per  gate  positions. 

A  cost  summary  for  the  1$  studied  airports  follows  1 
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Airport 

Averag 

5  Cost  Per  Gate 

Position 

Cost  of  Other  Modifications 

Apron 

Inlay 

Fuel  System 
Modifications 

Passenger 

Loaders 

Best 

Estimate 

High 

Estimate 

1.  ANC 

/ 

20,000 

69,000 

69,000 

2.  BAL 

18,000 

69,000 

69,000 

3.  BOS 

136,800 

136,800 

4.  DIA 

16,000 

173,000 

173,000 

5.  DTW 

8,000 

50,000 

132,500 

132,500 

6.  HNL 

16,000 

324,000 

324,000 

7.  HOU 

7,000 

164,000 

164,000 

8 .  JFK 

20,000 

67,000 

2,731,000 

4,431,000 

9.  LOS 

20,000 

80,000 

1,255,000 

1,405,000 

10.  MIA 

7,000 

110,000 

71,000 

71,000 

11.  ORD 

12,000 

50,000 

117,000 

117,000 

12.  PER 

40,000 

44,500 

44,500 

13.  PHL 

212,500 

212,500 

l4.  SEA 

11,000 

150,000 

54,000 

54,000 

15.  SFO 

18,000 

22,000 

68,000 

123,000 

663,000 

TOTAL 

5,676,300 

8,066,300 

The  present  configuration  of  the  2707  remains  essentially  compatible 
with  all  airports  covered  in  this  study.  None  of  the  airports  will  require 
extensive  investments  for  improvements  needed  to  accommodate  the  SST.  Some  of 
the  airports  are  marginal  where  space  is  concerned,  however,  all  can  accept  the 
2707  with  the  modifications  and  conditions  shown.  Airport  passenger  and  aircraft 
volumes  are,  of  course,  not  within  the  scope  of  this  study,  and  many  of  the  air¬ 
ports  may  have  to  expand  more  rapidly  than  now  planned  if  traffic  volumes  increase 

/ 

to  the  point  of  experts’  predictions.  These  expansions  may  very  well  negate  some 
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of  the  estimated  modification  costs  shown  above,  as  planning  and  designs  would 
readily  accommodate  all  forthcoming  aircraft. including  the  SST. 
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